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Abstract 
This thesis project set out to design a mobile phone charging station that is Photovoltaic (PV) 
powered. It was to be designed so that it could be used at outdoor festivals and events such as 
the Southbound Music Festival. For this reason the charging station had to be portable and as 
it would be used at night there had to be an appropriate lighting set up. The design of the 
charging station had to be eye catching and could be based on a similar device called the LG 
Skycharger. 
As this project was being designed for Murdoch Events to be used by Sunset Events, 
communication with the client was critical. An original design was created and then proposed 
to the client during a presentation, to determine if the design was appropriate. Once discussed 
it was decided that a few requirements  needed to be modified. This original design was then 
customized to meet the new requirements and a second larger station design was also 
produced. 
This resulted in two final designs, which meant that the client has two options and can select 
the design which is most suitable and meets their budget. The two stations that were designed 
were a 48 locker design and a 96 locker design. As it was assumed the stations would have 
access to the main power both have been configured so that if the battery bank is running low 
it can be charged using mains power. This makes it more versatile so that it has the ability to 
be used during winter, or for a number of continuous days.  
The 48 locker charging station contains a PV system that has a rating of 875 W and a battery 
bank rated at 240 Ah. This battery bank has enough capacity to power the system for 17.4 
hours assuming there is no solar power. It has been designed so that the PV system can be 
mounted on the back of a trailer to increase portability. The charging station is eye catching 
and will be constructed out of aluminium so that it is durable. For there to be appropriate 
lighting at night time LED lighting has been selected; this includes multi colour LED lights for 
decorative purposes, as well as white LED flood light which will provide a substantial amount 
of light surrounding the charging station. The total estimated price to construct the 48 locker 
version is $30,500.   
 
 
The larger 96 locker charging station contains a Photovoltaic system that is twice as large as 
the 48 Locker Charging station, which results in a PV system rated at 1750 Watts and a battery 
bank of 480 Ah. This battery bank has enough capacity to power the system for 17.7 hours 
assuming there is no solar power. The PV system will also be mounted on the back of a trailer. 
The charging station is a similar design to the 48 locker version but to house the increased 
amount of lockers it is slightly larger. It is also constructed out of aluminium. This station 
contains the same lighting set up as the 48 locker version. The total estimated price to 
construct this 96 locker version is $43,500.  
 
 
 
 
 
 
All of the main aspects of the project have been completed however there are some sections 
that could be looked into in more detail. These include, finding an appropriate all in one 
charger,  finding a way to connect the AC loads and also selection of an appropriate system 
configuration. This leaves further study for the project. Both of the designs meet the budget, 
for this reason the larger 96 locker charging station would be the recommended option 
because it can charge twice as many phones. 
 
 
The 48 Locker System 
 The 96 Locker System  
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Introduction 
The topic for this thesis was the Murdoch Mobile Phone Charger. This project aims to design a 
mobile phone charger station to be used at a variety of outdoor events, specifically 
Southbound music festival. The station had to be eye catching and based on a similar devices 
designed by LG called the LG Skycharger.  
This involved coming up with a design and assisting the university staff with technical drawings 
and sourcing equipment, for a mobile phone charging station. It was to be located inside a 
marquee containing lights and several sets of lockers with general purpose outlets. The station 
had to be powered by a stand-alone Photovoltaic (PV) system which meant that it would 
include PV modules, inverter, battery bank and other related components.  
Some of the specific tasks involved in the project were, completing the sizing and electrical 
design of the stand-alone PV system, along with selecting  the specifications of the lockers and 
the lighting being used.  
As the charging station was being designed for Murdoch Events to be used by Sunset Events it 
was very important the charging station met their needs. To assure this the client had to be 
regularly updated on the design progress in case of any requirements that needed to be  
changed. This meant that the requirements of the charging station changed throughout the 
thesis project. 
The report is split into 4 main chapters, as follows: 
Research- This chapter contains all of the aspects and components that were researched to 
gain ideas on how to design the charging station. All of the topics were then used to design the 
system and each had a strong influence on the final outcome. 
Sizing - The sizing section contains the electrical design and specifications regarding the PV 
system. When sizing the PV system it had to comply to the Australian standards specifically 
AS4509 part 1,2 and 3 (primarily part 2) which outlines how to design a stand-alone PV system.  
Design - The design section contains information related to the physical design of the charging 
station. It contains many different concept drawing of the charging station and its 
components. 
Sourcing and Pricing - This chapter contains all of the sourced parts for the charging station. It 
also has the price of each item and the final cost of the charging station. 2 
 
Timeline of the project 
 
 
   
Proposed Design 
Originally it was believed that the price budget was 
approximately $32,000. For this reason a charging 
station with 48 lockers was designed around that 
price limit. This design was housed in a 6 by 6 meter 
marquee that had a  mounting frame located above it 
to hold the solar panels. The system was designed to 
run for 3 consecutive day running for 16 hours each 
day. The PV system that was designed around these 
requirements was a 24 Volts, 1225 W system that 
contained a 480 Ah battery bank.   
 
Aim 
The aim of the project was to 
design a mobile phone charging 
station that ran on solar power. 
This charging station  had to be 
portable so that it could be set up 
at a variety of different festivals, 
specifically the Southbound  
Festival.  
 
The Proposal Presentation 
The proposed design was then presented to the client and discussed, it was decided that a 
few alterations were required. This included the charging station being required to run for 
only 2 consecutive days and for only 12 hours a day. It was no longer required that the 
charging station had to be housed in a marquee so instead of mounting the solar panels 
above a marquee they could be mounted on the back of a trailer. The amount of lockers may 
also not be enough so it was decided a station that contained approximately 100 lockers 
would be more suitable. It was also discussed that the budget could be increased but should 
not exceed $50,000. 
          Original Design 
01/08/11 to 02/11/11 
01/08/11  
02/11/11 
 Figure 1 (continues on next page) 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 summarises the progress of the project as a timeline and shows the different 
outcomes according to date. 
Redesign Stage 
After the Presentation it was decided to redesign the 48 locker system to the new 
requirements. A 96 locker system was also designed to meet the requirement of more 
lockers. That way the client could choose the charging station that matched their budget. The 
PV system was also designed so that it could be mounted on the back of a trailer. 
02/11/11 to 18/11/11 
48 Locker Design 
The Proposed Design was then modified 
to meet the new requirements that were 
requested by the client. The system now 
was no longer housed in a marquee and 
instead shade was provided by an 
umbrella. 
The PV system size was slightly decreased  
resulting in it being a 24 V, 875 W system 
containing a 240 Ah battery bank. 
The PV system was then designed so that 
it could be mounted on the back of trailer. 
96 Locker Design 
A 96 locker design was created that meets 
all of the clients new requirements. The 
system's physical dimensions are slightly 
larger than the 48 locker system and it has 
an umbrella mounted above it to provide 
shade. 
The PV system size for this large system 
was twice as large resulting in it being a 
24 V, 1750 W system containing a 480 Ah 
battery. 
This PV system was also designed so that 
it could be mounted on the back of trailer. 
02/11/11 to 18/11/11  02/11/11 to 18/11/11 
 96 Locker Trailer   48 Locker Trailer 
 48 Locker Charging Station   96 Locker Charging Station 
 Figure 1 continued 4 
 
1. Research  
Before the Mobile Phone Charging Station was designed there were many different aspects 
and components that had to be researched. Each of the topics below were investigated and 
then analysed. They all then had a strong influence on the overall design of the charging 
station. 
1.1 Other types of mobile phone charging stations 
There are many different mobile phone charging stations that are beneficial to research for 
ideas and design.  The existing renewable energy powered mobile charging station that is 
being used as a guide for this thesis is the LG Skycharger. However there are also plenty of 
other charging stations that are connected straight to the main power and even though they 
may not be powered by renewable energy, they are still good to look at in terms of quality and 
structure. As there was no substantial information regarding most of the mobile phone 
charging stations currently on the market, the two stations that were specifically looked at 
were the LG Skycharger and The Chargebox. [1][16] 
Information regarding such stations can be seen below: 
1.1.1 LG Skycharger 
The LG Skycharger is a renewable energy mobile phone charging station and it was perfect to 
look at for the thesis topic as a guide. It was what gave the client the idea for the project, the 
difference however is that the Skycharger also has wind generation. [1] 
This station is made by a company named Gotwind and it is the second version that has been 
designed; their first station which was located at Glastonbury Music Festival in 2008 was the 
world first freestanding renewable energy mobile phone charging station. This second 
Skycharger is a more powerful version of their original that is also easier to assemble.  It is 
powered by both wind and solar resources combined with a battery bank which is used to 
store the energy. [1] 
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The specification of the LG Skycharger can be seen below [1]: 
  1kW wind turbine 2.5m rotor diameter with low noise blades;  
  Eight 110 W solar panels (880W total); 
  104 phone lockers; 
  Over 90% of phone manufacturers power connectors available; 
  Eight Low Energy LED tube lights (internal); 
  Automatic battery overcharge protection; 
  Waterproof and flame retardant outer PVC ‘skin’ with 4 zippable side panels; 
  Structure is ground anchored or bolted down dependent on surface type; 
  The marquee dimensions are 10m x 10m square footprint and 7.5m tall up to the wind 
turbine hub. 
[1] 
 
 * Images of the Mk 2 LG Skycharger can be seen on the Gotwind website [1] 
The LG Skycharger has a peak output of 1.88kW and is able to charge 104 mobile phones 
simultaneously. It is capable of charging a wide variety of phones, with 14 different phone 
connection types. All the power generated by the system as well as the weather conditions can 
be viewed on a display which is located on the side of the charging station. The approximate 
price to construct the LG Skycharger was $170,000. 
Many different ideas and concepts were obtained from this. Firstly it shows that for 104 
lockers in the conditions which the LG Skycharger is used, the system would have to be sized at 
around 1.88 kW. This power rating would have been sized for the United Kingdom so sizing the 
system for Australian weather conditions would be different. It also needs to be kept in mind 
that on the LG Skycharger the 1.88 kW includes a wind turbine which contributes to more than 
half of the stations power; so this may help to power the Skycharger at night when there is no 
solar power.  
Seeing the way that Gotwind has positioned the solar panels is reasonably impractical due to 
the fact that each panel is facing a different direction in a circular position. The positioning of 
the solar panels is basically for show, it looks appealing but the PV system would not be as 
efficient as if all the solar panels were all pointing in the same direction and facing the sun. To 
have the panels set up in this configuration the panels would have to be in parallel, and that 
way a shaded panel would not drastically effect the whole system, which would be the case if 
they were connected in series. It would be interesting to see how much of the rated 880 W 6 
 
solar power system is being harnessed, because most of the day the sun would only be able to 
hit half of the panels due to the positioning of the sun. [1] 
The fact that the Murdoch Mobile Phone Charging Station design only consists of solar panels 
and not a wind turbine means that to power as many lockers as the LG Skycharger it would 
have to have a larger solar system. As the design does not have wind generation to rely on, it is 
important to position the solar panels so that they harness as much solar energy as possible. [1] 
The 10 m by 10 m marquee size used on the LG Skycharger is a good guide of how big to make 
the marquee. This marquee is combined with the frame that mounts the wind turbine and 
solar panels . It is definitely a custom built and not an off the shelf marquee, which means that 
it would have been very expensive to produce. [1] 
If you divide the rated power of the LG Skycharger by the number of lockers, it gives 
approximately 18.1 watts per locker. This power to locker ratio can be used as a guide of how 
many lockers can be handled by the size of a system. [1] 
1.1.2 Chargebox 
One of the stations that was ideal to look at for ideas for design is the Chargebox.  This station 
is one of more popular charging stations and it can be found in many locations around the 
world. It is well built and an excellent charging station that is able to charge a large variety of 
electrical components. [16] 
 
The Chargebox specifications can be seen below [16]: 
  Connected to main power (not powered by renewable energy) 
  Coin operated 
  Contains 6 lockers 
  Each locker contains 4 charger types  
  It covers over 95% of mobile phones, iPods, game consoles and some digital cameras. 
  Lockers contain a key lock 
[16]  
 
* Images of the Chargebox can be seen on the Chargebox website. [16] 
Although this station is not powered by renewable energy, it is very beneficial to look at in 
terms of design and practicality. Ideas that can be obtained from the Chargebox are how to 7 
 
design the lockers and the locking mechanisms. It also has the ability to charge a large variety 
of appliances which will be a good thing to investigate.  
The LG Skycharger has a special thanks to Chargebox so they may have designed or helped to 
design all of the lockers found on the Skycharger. 
   8 
 
1.2 Mobile Connections  
There are many different brands and types of mobile phones and they all have different 
charging connectors. This is a problem for the charging station because it needs to be able to 
support as many different types of phones as possible. It was anticipated that the charging 
station should have general power outlets, however this would mean the users would have to 
bring their own charger. It would be a lot more convenient for the users if there was an all in 
one charger located inside each locker. 
1.2.1 All in one Chargers 
There are a few different ways to charge a variety of different phones; the best would be an all 
in one charger. An all in one charger located inside each locker would mean that the user 
would not need to bring their own charger and they could just plug their phone straight into 
the station. 
There were two different all in one chargers that were reviewed. The first is a USB all in one 
charger, this is connected using a USB cable, unfortunately the power rating for the charger is 
unknown. The second is an AC all in one charger, this has an inbuilt AC to DC converter and has 
a power rating of 3.75 Watts. [2] [10] 
The USB all in one charger is capable of charging almost every mobile phone on the market. It 
unfortunately uses DC power as it is USB, so the AC power given by the inverter would have to 
be converted to DC before going to the charger. This means that before every all in one 
charger there would have to be an AC to DC  converter. The most suitable solution for 
installing them would be to hard wire the charger to the system so that no one could unplug 
the USB and steal it. The extendable cable means that the USB could be connected to the AC 
to DC converter behind each locker with just the charging connections sitting inside the locker. 
[2] [10] 
The AC all in one charger is a similar alternative to the USB all in one charger. The advantage 
that this charger has over USB version is that it has an inbuilt AC to DC converter. 
Unfortunately the power plug is not Australian but it could either be replaced or an adaptor 
could be used. One excellent feature of this 10 in one charger is that it has the ability to 
connect a USB into the side of it. As most of the modern mobile phone chargers have a cord 
that has a USB connection before it goes into the AC to DC converter(for example the Iphone 
charger), this feature is very handy if people want to connect in a device that needs to be 
charged by USB.  If bought in wholesale this all in one charger is 5 US dollars per piece, not 
including shipping.  This made it the cheaper option of the two all in one chargers. [2] [10] 9 
 
An all in one charger would definitely be a more practical option than a general propose 
outlet. The only issues with them is that the AC to DC converter may drain a small amount of 
power when there are no phones connected. Both the chargers are made in China so the 
quality of it may not be the greatest, however the build quality of the second charger look 
quite sturdy from the photos. [2] [10] 
All of the all in one chargers seem to have slightly lower output power compared to some of 
the chargers on the market. The reason for this is mostly due to the fact that they have to 
accommodate to a variety of different phones, where some may only be able to support a 
lower power. The only downside to this will be that the phone will charge slightly slower.  
* Images of the USB all in one charger can be found on the Gowetrade.com website. [10] 
* Images of the AC all in one charger can be found on the Alibaba website. [2] 
1.2.2 General Power Outlet 
When comparing the all in one charger to a general power outlet which sells for around $4 
Australian. The all in one chargers were only marginally more expensive by $1 however it is 
also a lot more convenient. This $1 per locker seems definitely well spent if it means that the 
user does not have to supply their own charger. One idea was to equip approximately 10 
percent of the lockers with General Power Outlets, then if a user has a device that is not 
compatible with the all in one charger they can use their own charger and plug it into the 
general power outlet; this will also give the station the ability to charge devices such as 
cameras if need be. [2] 
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1.2.3 Power Rating of Different Mobile Phone Chargers 
Different phone brands all have different charger output power. To ensure that the all in one 
charger will charge most of the phones on the market today, it can be compared to Table 1.1 
displaying different mobile phone chargers. 
Output 
Charger Brand  Voltage (V)  Current (A)  Power (W) 
Samsung  5  0.7  3.5 
Apple iphone  5  1  5 
HTC Micro USB  5  1  5 
LG AC adaptor  5  1  5 
All in one Charger  5  0.75  3.75 
 
 
This table also shows that there are a variety of different output powers used by various 
brands of phones. 
As the all in one charger is 3.75 Watt, making it lower than most of the chargers listed in Table 
1.1 , it means that it will just charge slightly slower than if it had a higher power. It is not an 
extremely low power, so the 3.75 Watts should be suitable for charging all of the mobile 
phones on the market today. [2] 
 
1.2.4 The inactive mobile phone charger power consumption issue 
It is known that some mobile phone chargers still draw power even when no phone is 
attached, this is known as standby power. This would be a concern if the mobile phone 
charging system was still drawing power when no phones are being charged because this 
power would be wasted. As there is only a limited amount of power that the system can 
produce making the system as efficient as possible is important. 
This would not be an issue if the general power outlet option is chosen because there would 
not be a charger connected constantly. However with the all in one charger it may drain power 
when there is no phone connected. It is difficult to get away from this issue as each all in one 
charger would contain a AC to DC converter so that means that even with no phone connected 
each locker would be draining a small amount of power. This would be a big issue if the 
charging station was left out over night with no phones connected because it would constantly 
be draining power from the battery bank. 
Table 1.1 [2] All specification were taken off the 
back of chargers from home 11 
 
There are a few different ways to overcome  this power loss. These solutions can be seen 
below:  
  A switch could be installed in each locker that can be turned on when the phone needs 
charging but turned off when it is not in use. This would however add to the cost and 
could be a fiddly job and realistically you cannot rely on each user to switch the 
charger off after use. 
  A master switch connected to all of the 10 in one chargers could be installed, then 
when the charger station is not being used this switch could be used to disconnect all 
of the chargers. This option seems most practical because it is assumed that when the 
charging station is operational that most of the locker will be in use. 
  As it is difficult to get away from this issue if an AC to DC converter is being used. 
When the system is being sized this power loss should be taken into account. 
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1.3 Types of Lockers Available 
When finding a locker that is suitable for the charging station it would have to have reasonably 
small dimensions. The most ideal lockers would be ones that are already made for mobile 
phones. Two different companies produce these in other cities in Australia, however there 
does not seem to be any suitable locker companies located in Perth. These lockers are often 
referred to as mini lockers and being able to locate a set of these in a suitable size would save 
a lot of money as it would not have to be custom made. [3] [9] 
The two companies, Davell Lockers and Excel Lockers supply specific lockers for mobile phones 
Australia wide. More information about both of these companies can be seen below: 
1.3.1 Davell Lockers 
Davell Lockers is a locker producing company that is located in Sydney and Melbourne. They 
manufacture and sell a large variety of lockers that are mainly produced in zincanneal steel. 
This makes them very sturdy, prevents rusting, and also ensures that they have a lifetime 
warranty. All of their lockers can be painted to any desired colour according to their colour 
chart, which make them look appealing. [3] 
There is a Mini Locker series produced by Davell Lockers, which are designed for mobile 
phones, cameras, PDAs, wallets, and keys.  
 
* Images of the Mini Lockers can be found on the Davell website [3] 
The dimensions for these lockers are  14 cm wide by 10 cm high which makes them ideal to 
hold a mobile phone however they may tend to be on the small side if the phone has to be 
connected to a charger located inside the locker. It could become very tedious trying to look 
through all of the all in one charger wire, and connect the correct one in such a restricted 
space. [3] 
The price of 6 sets of 8 lockers, making a total of 48 lockers was quoted at $2,223 plus $480 for 
postage to Perth. [3] 
It was decided that the mini lockers were fractionally too small for the reason stated 
previously. Custom made lockers would produce the most practical and suitable design. Davell 
Lockers is able to produce custom made lockers however due to the fact that they are all 
produced  by machines controlled by computers if a custom locker was desired that computer 
program would have to be edited. According to the company this is a tedious job. For that 
reason they do not normally produce custom lockers unless it is on a large scale. [3] 13 
 
1.3.2 Excel Lockers 
The other company that makes lockers is Excel Lockers. They are located in New South Wales 
and Queensland and also supply Australia wide. The only downside to this company is that 
their lockers are made out of wood, which means that they only have a 3 year warranty. They 
have a great selection of lockers including mini lockers however they are slightly too big for 
storing just a single mobile. The conclusion then is if Excel Lockers are selected custom made 
lockers would also have to be made. [9] 
One excellent feature offered by this company is digital pin code locks. These locks are 
operated by batteries so that they do not need to be hard wired; this would eliminate the 
problem of users losing their keys. The one downside to the digital locks however is that the 
door has to be at least 20cm high, which unfortunately is too large for the charging station. An 
advantage of Excel Lockers is that they can produce custom sized lockers to any desired 
dimension. [9] 
* Images of Excel Locker's mini locker along with the digital locking system can be found on the 
Excel Locker website [9] 
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1.4 Choosing the Marquee 
Marquees come in many different styles, shapes and sizes. There is a lot of different choices 
depending on the application which is used. When it comes to the marquee for this project it is 
required to incorporate a mounting frame for the PV panels as well as house the charging 
station. So the design of the marquee also needs to be suitable to include a mounting 
structure of the solar panels. This made finding a marquee that is suitable to house the 
charging station reasonably difficult. 
The solar panel frame could be incorporated into the marquees frame itself or on a separate 
frame. Incorporating it into to the marquee frame would obviously be the more expensive as a 
custom made marquee would have to be designed. For this reason a separate frame for the PV 
panels themself could be made up and incorporated into the marquee.  Preferably it would be 
ideal to have all the solar panels facing one direction, unlike the LG Skycharger which has solar 
panels facing in every direction. Although the LG sky chargers marquee looks excellent it was 
very expensive to make because the marquee, wind turbine and PV panels all share the same 
custom made frame. [1] 
As the marquee is an expensive aspects of the project a standard square shaped one was the 
most viable option. For this reason an off the shelf version that could have its frame modified, 
or add a frame to fit the solar panel frame was the most suitable. It was decided that the ideal 
size for the marquee was somewhere around the 5 to 6 ?2 mark, providing more room for 
movement around the charging station. It will also have to look appealing so custom colouring 
with Murdoch logos for advertising purposes would be ideal. 
There are a few companies in Australia that offer marquees however most of them have a 
limited selection. Most companies appear to only make marquees up to the size of 3m x 6  m. 
Anything larger than that starts to become not as portable and has to have a strongly 
reinforced frame to hold it up. However to get a 6m x 6 m area two 3m x 6 m marquees can be 
installed with a gutter velcroed between them for approximately $2600. [5] 
Extreme Marquee, located in Queensland sells larger marquees. They have a selection of 
marquees that would be suitable for housing the mobile phone charging station. In addition 
they advertise to beat any of the competitors prices by 10%. These marquees include a 
selection of 5 m x 5 m and 6m x 6 m of different styles and build qualities. One good point is 
that this company can print images and logos on the marquees using digital printers, making 
the marquees eye catching. [5] 15 
 
The LG Skycharger marquee is 10 m x 10 m however it is a pyramid shape and half of the 
marquee is open leaving only about a 6 ?2 area of cover. Using the LG Skycharger tent as a 
guide for size and considering the LG Skycharger is designed to house around double the 
amount of lockers, a 6 m x 6 m marquee seams a suitable size. [1] 
Extreme Marquee offers two different 6 m x 6 m marquees, these include: 
1.4.1 The Pavilion Range 
The Pavilion range is one of Extreme Marquees less expensive options that is good for small to 
medium scale events. The only downside to this marquee is that the roof is quite high so this 
will limit the location of the solar panels as in the afternoon it may start to shade the panels. 
The build structure is also not as sturdy as their other selection which means it may not be 
suitable for attachment of lights. It would also need a separate frame to hold the solar panels. 
A 5m by 5m version of this is $3500 however that does not include shipping. [5] 
* Images of the Pavilion Marquee can be found on the Extreme Marquee website [5] 
1.4.2 The Crest Range 
The second marquee is the Crest range which is a more sturdy marquee that would facilitate 
attaching lights to the frame if needed. The frame of the marquee along with a few other 
supports, may be able to be modified to hold the solar panels. The roof is also a lot more 
suitable as it is not as high and would not cast a shadow on the solar panel in the late 
afternoon. It also comes with side walls if needed. This marquee is priced around $5106 
(shipping excluded). [5] 
* Images of the Crest Marquee can be found on the Extreme Marquee website [5] 
1.4.3 Extreme Marquee print design 
Both the marquees mentioned above have the option of having a design printed on the walls 
and roof. Design options are limitless as designs are digitally printed onto the marquee. Colour 
photos can also be printed this can be seen on the Extreme Marquee website. It is the same 
price for every print even if it is complex, the price list can be seen in table 1.2. [5] 
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Section  Price ($)  Information 
Full Roof Print  1,260   
Each Roof Panel  315  There are 4 panels  for 6x6 
Each Gable  330  There are 2 gables per marquee 
Each 3m wall section  270   
 
 
*Quotes in table 1.2 are for a 6m by 6m marquee. 
 
1.4.4 Umbrella Alternative 
Alternatively instead of having a marquee an umbrella could be used, this would be a lot 
cheaper. It would be easy to incorporate into the charging station as the mast of the umbrella 
could slide into the centre of the charging station. There are many different umbrellas on the 
market so finding a suitable one would not be difficult. [16] 
 
An example of a company that produces umbrellas is Shade Australia. An umbrella could easily 
be added into the charging station and provide shade as well. An umbrella is also very easy to 
set up compared to a marquee, reducing set up time. This umbrella a $5000 as it is heavy duty 
so there would  be plenty of cheaper alternatives. [16] 
* Images of the Umbrella can be found on the Shade Australia website [16] 
1.5 Mounting the solar panels on a trailer 
Instead of incorporating the solar panel mounting frame into the marquee the panels could 
alternatively be mounted on the back of a trailer. This would eliminate mounting set up as the 
trailer with the mounted solar panels on it, would be driven into place and be ready to go. This 
would save the hassle of having to assemble a frame to mount the solar panel every time you 
go to set up the charging station. 
This has been done by a company called National Solar Technologies, an example of this can be 
found on their website [14]. From this it is evident that the solar panels have been mounted at 
a fixed angle. The trailer has been set up so that it can be taken to the desired location, parked, 
and is immediately operational without having to adjust, unfold or set up the solar panels. 
There are also no special skills required to operate these trailers. [14] 
Table 1.2 [5] 17 
 
 
These trailers have been designed so that they can withstand speeds of 60 miles per hour 
which is approximately 96 kilometres per hour. Unfortunately there are no specifications on 
the size of the system. By the dimensions however it looks to be approximately a 1.5 kW 
system. [14] 
To design a trailer similar to the National Solar Technologies version you would need a car 
trailer, as any other trailer would be too small. A second hand car trailer could be purchased to 
save money, a frame would then have to be designed around the dimensions of the trailer. The 
trailer would also have to be road worthy and registered with the Department of Transport. 
[14] 
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1.6 Charging Station Material 
There are many options of material for the manufacture of the charging station. The main 
requirement is that the material must be durable as it will be moved around a lot and set up in 
many different outdoor locations under a marquee or an umbrella. As the mobile phone 
charger bay is a unique design it would have to be custom made, so it is important that it is 
reasonable priced. 
The method of making the charging station is dependent on the type of material chosen. For 
example, if it was made out of metal, a metal frame would have to be welded together or it 
would have to be made out of sheets of metal. If it was made out of fibreglass a mould of the 
desired shape would have to be made. These different type of fabrication would drastically 
affect the price and design of the charging station. 
A variety of suitable materials are listed below: 
Wood - Wood is very easy to work with and not expensive depending on the type of wood 
used. It also has a low conductivity to heat from the sun. On a hot days or if in the sun, the 
charging station would not heat up. However the only downside is that wood is not very 
durable and is reasonably soft so it could easily be dented and damaged when it is being 
moved. It also does not react well to being stored outside compared to other materials. Wood 
is also limited mainly to designs with straight edges as it is more involved to bend and create  a 
curved design. 
 
Steel -is very tough and durable, however it can be heavy which could make the charging 
station hard to move and set up. It can also rust if it is not finished properly. 
 
Aluminium - Aluminium would be excellent for the charging station, it is durable and is a lot 
lighter than steel and it will not fade or rust. However aluminium can be very expensive. 
 
Plastic/Perspex - Plastic or Perspex are generally cheap, and can be moulded into endless 
shapes and sizes. 
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1.6.1 The Selected Material 
After careful consideration it was decided that of the variety of materials, metal was the best 
option for the charging station. The reason for this is that the charging station must be 
durable, as well as cost effective. Of the metals, steel or Aluminium are the most suitable. 
Aluminium is lighter than steel however it is more expensive. Metal may be heavier than other 
materials however it is known for its strength and durability and it is relatively cheap 
compared to other materials. To solve the weight issue the charging station should be 
designed in a way so that it can be split up into different sections which are easily connected 
together.  
The second choice material option was wood as is very easy to work with and it is reasonably 
cheap. However it was eliminated because of its strength. Wood dents very easily and does 
not react well in water, it can also dry out and become brittle if left in the sun for a lengthy 
period of time. 
1.6.2 Metal Work Companies 
When finding a company that can produce the charging station in metal, a company that works 
with sheet metal would be the most suitable. Most companies that work with sheet metal 
specialise in custom built projects so producing the charging station should not be an issue. 
A company based in Perth, C & S Sheet Metal, carry out custom projects with all types of sheet 
metal and would be ideal for making the charging station. [4] 
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1.7 Lighting 
When choosing suitable lights they will have to be energy efficient to help save as much power 
as possible. The lighting will only be turned on at night, and as there is no power being 
supplied by the solar at night  the lighting will have to have a low energy consumption. 
There are a wide variety of types of lights on the market. The most common types are 
incandescent, fluorescent, halogen and light emitting diodes (LEDs). Of these the fluorescent 
and LEDs are the most efficient. LED lights are very efficient compared to many types of lights 
on the current market and would be the most suitable lighting for the charging station. [19] 
LED lights are rapidly becoming more common and can already be found in locations such as 
indoor lighting, household appliances, mobile phone and traffic lights. The main advantages of 
LED lighting is that it is energy efficient and also has a very long life, up to 100 times longer 
than an incandescent light. For these reason LED lighting is beginning to replace halogen, 
incandescent and fluorescent lighting. One disadvantage however is that the cost of LED 
lighting is generally more that the other alternative lighting methods. However as the 
technology advances the price has been dropping, and they are becoming more energy 
efficient. [19] 
For the decorative lights LEDs would be the most suitable as there are many different coloured 
LED lights available. There are multi colour LED lights that can be controlled using an infra-red 
remote control that has the ability to be changed to a desired colour by the press of a button; 
these would be able to provide an eye catching lighting effect on the charging station. [18] [19] 
* Images of the multi colour LED light can be found on the Ebay website [18] 
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In addition to coloured lights, sufficient light must be provided for the station during the night. 
An LED flood light that produces white light would be ideal for this. Most likely there will be 
light provided in the background from other light sources at the festival, but a light that is 
focused on each set of lockers would make it easier for users to see when they are trying to 
connect their mobile phones. A LED flood light from Superlight would be suitable for the 
station as it already has a mounting structure so that it could easily be mounted to the 
charging station housing. [7] 
* Images of the LED flood light can be found on the Superlight website [7] 
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2. Sizing the System 
When sizing and configuring the Photovoltaic system it had to comply to the Australian 
standards. As it is a Stand-Alone power system it was designed to comply with AS/NZS 3000 [22] 
which outlines wiring rules. More specifically the sizing of the PV system followed AS/NZS 4509 
part 1,2 and 3 which relates to stand-alone systems  including safety and installation, system 
design and installation and maintenance. [13] [20] [21]  
There were many different factors that would affect the cost and the size of a PV system. 
Some of these factors included how many days the charging station needed to be run for and 
for how many hours per day. What months the charging station is going to be run would also 
effect the power output range drastically. All of these factors were taken into account when 
sizing  the system and it has been designed so that it met all of the client's needs. This ensured 
that the charging station was suitable for its required application.  
To begin an Original System was sized. When calculating this it was believed that the number 
of solar panels was going to be restricted by the size of the marquee and the amount of weight 
the custom PV mounting frame can hold. It was also believed that the system had to run for 3 
days  and for 16 hours a day. For these reasons the sizing was calculated for 48 lockers so that 
the PV system was not too large and so that it complied to the price limit of around $32,000. 
This Original System was then presented to the client. Then once discussed, it was decided 
that a marquee was not necessary and that the PV system could be located on the back of a 
trailer. It was also decided that the system only had to run for 12 hours a day and for 2 
consecutive days. The number of lockers was also a concern as 48 would not likely be enough. 
Once finding out that the budget had been expanded to a max of $50,000 this allowed for a 
larger PV system to be designed which meant it would be able to support a total of 96 lockers. 
The Original System was then modified to comply with the new requirements and a second 96 
locker system was also sized. This resulted in a total of two final sized systems which were the 
48 Locker System and the 96 Locker System.  
2.1 System Sizing Specification 
When sizing the Original System, the 48 Locker System and the 96 Locker System they all have 
the same specification with the only differences being  their loads and run time. All the 
specifications that were used when calculating the systems can be seen below:  
*Further Specifications can be found in Appendix A1.1, A1.2, A1.3, A1.4 23 
 
Loads- Each system was designed  to run a certain amount of all in one chargers along with 
coloured and white lighting. 
As there was no specification on the all in on charger for the input power, it was assumed that 
the it was 85% efficient. As the maximum output power is 3.75 Watts it was assumed that the 
input would b 4.4 Watts 
Sizing Method - The Ah sizing method was used therefore the system would not contain  
maximum power point tracking (MPPT). The reason as to why MPPT was not selected is due to 
the increase in the cost and instead more money could be spend elsewhere for example on the 
battery bank.  
Safety Factor - A safety factor of 10% was used, to help ensure that the PV system isnt 
undersized.  
System Nominal voltage - It was decided to go with a 24 V system. The reason that the 24 
Volts system was selected is because a 12 V system would require a larger number of solar 
panels, as 12 V solar panel would have had to be used. Having a 24 V system meant that the 
amount of solar panels could be reduced as they have a larger power output. Having less solar 
panels would make it simpler for mounting. 
Inverter - It was decided that a pure sine wave inverter should be used. The reason for this is 
because the LED lighting and chargers would not perform well with a modified sine wave. 
Battery Bank Specifications - When sizing the battery bank a maximum depth of discharge of 
70% was used. The reason for this is because the system will not always discharge the battery 
bank that low. It would only be a concern having the discharge depth this low if the battery 
was going to remain discharged for a number of days; due to the fact that the system will 
always be immediately charged after use a depth of discharge of 70% is will not drastically 
effect the battery life and will be suitable. 
The nominal battery discharge rate that was selected was the 20 hours rate, this is because it 
was assumed that all chargers would constantly be full and for this scenario the 20 hours rate 
was most suitable. 
Photovoltaic Array Specifications- It was decided that when sizing the system that the average 
annual irradiation would be most suitable when determining the number of solar panels 
needed. The reason for this was because the system is not as likely to be used in winter and  it 
can be connected to the main power if there is not enough irradiation on that particular day. 24 
 
This means that using the annual average irradiation the solar panel will produce more than 
enough power for most of the months that the system will be used. 
A derating factor of 95% was selected for soiling. 
To calculate the output current for the PV module at the average daily equivalent cell 
temperature, the average daily cell temperature and system operating voltage were used. 
Oversupply co-efficient-  The system could be connected to the main power so the oversupply 
co-efficient was equal to 1. 
System configuration - In the locations where the charging station is going to be used there 
will be access to the main power. This makes that system more versatile and gives that option 
to size the battery bank slightly smaller because if the batteries are running low they can be 
connected to the main power to charge it. 
For this reason a series system configuration was selected as seen in figure 2.1. This would give 
the option to charge the battery bank, using the main power, if it was running low.  
 
   
Figure 2.1 - Series system  25 
 
2.2 Three Sizing Scenarios 
Sizing and specifications for the Photovoltaic system for the Original System, the 48 Locker 
System and the 96 Lockers System can be seen below:  
2.2.1 - Original System 
All calculations can be found in Appendix: A.1.2 Original System 
The Original System was the starting point for the sizing to the system. Half of the system 
sizing was complete and then it was proposed to the client in form of a presentation. 
The Original System was first based on the system sizing that the LG Skycharger used. The 
amount of solar panels would be restricted by the weight that a PV module mounting frame 
could hold. To help determine this approximate weight restriction, the LG Skycharger's 880 
Watt PV modules were looked at. This amount of PV modules weight 15.4 kg [21] each and 
would be heavy on top of the marquee frame,  for this reason it was decided that anything 
much greater in size would probably begin to get to heavy to mount above the marquee. For 
this reason a charging station that contains 48 lockers was selected, this was assumed that it 
would approximately require around 1 kW system, which would then comply with this weight 
restriction issue related to the PV module mounting frame. 
When sizing this system it was assumed that the charging station was going to be ran for a 
maximum of 3 days running for 16 hours a day, with all the lockers constantly being full. It was 
also assumed that the lights would be on for 5.5 hours per day. These specification plus the 
specifications stated in the system specification were used to calculate the size of the system. 
[13] 
This system originally had 3 proposed battery bank sizes each rated to run the system for a 
range of different hours. As the system could be connected to the main power to charge the 
battery bank the number days of autonomy didn't necessarily have to be 3 days and it could be 
lower. The different battery bank sizes can be seen in Table 2.1:   
Number of Batteries   Hours   Approximate Run time example  
2   12.8   2 uncloudy days and 2 nights /1 cloudy day and 1 night.  
4   24.2   3 uncloudy days and 3 nights/1 cloudy day and 2 nights  
6   36.3   2 cloudy days 3 nights  
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From here the battery bank containing 4 batteries was selected as the most suitable and from 
here the Original system was sized. This can be seen in Table 2.2. 
Item  Quantity  Brand/model  Rating 
Solar Panels  7  BP Solar 175 W  1225 Watt 
Batteries  4  HAZE Sealed GEL Deep cycle  480 Ah 
Inverter  1  Was not selected  Was not selected 
 
*The only difference the specifications stated in  System specifications when sizing this system was that the 
maximum depth of discharge for the battery was 50%, It was later realised that this could be changed to 70% as 
seen in scenarios two and three. 
The solar panel used in the calculation is a BP Solar 24 Volt 175 Watt Solar Panel. The system 
would require all 7 of the modules to be connected in parallel. 
The Battery selected is a HAZE Sealed GEL Deep cycle Battery ratted at 276 Ah @ 100 hour 
discharge rate and 240 Ah @ 20 hour discharge rate. With 4 of these batteries, 2 in series and 
2 in parallel, it would provide enough power to run the charging station for 24.2 hours which 
was approximately 1.5 days of autonomy. This battery bank scenario was selected because 
there is access to a battery charger if the battery bank does get low and it would not be as 
expensive as the 6 battery, battery bank. This means that it could run the system for the whole 
3 days without being connected to the main power assuming that the these three days were 
not cloudy. If there was a cloudy day the battery bank could only run the system for 
approximately 1 cloudy day then 1 uncloudy day and 2 nights, but any time longer that that 
would need to be connected to the main power so the battery charger could charge the 
batteries. [27] 
Once proposing this system to the client the system requirements were reviewed and it was 
determined that the proposed system needed to be modified, so the Original System was no 
longer suitable. It was decided that the system only needed to run for two days maximum for 
only 12 hours a day. For this reason the sizing for the inverter, regulators and battery charger 
was not sized and the sizing to this system was not continued.  
From here sizing  the new system requirements began, this resulted in a 48 Locker System and 
a 96 Locker System being designed and sized, these scenarios can be seen below. 
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2.2.2 - New 48 Locker System 
All calculations can be found in Appendix: A.1.3 48 Locker System 
The New 48 Locker system is similar to the original proposed system however it was modified 
to comply to the new system requirements that are necessary for the client. These 
requirements were that the system only needed to run for 2 days maximum and only 12 hours 
a day. This means that the system will no longer need to be as large and would result battery 
bank would not have to be as large which would help to keep the cost down.  
The sizing of New 48 Locker System and its components can be seen below in table 2.3 
followed by a overview diagram in figure 2.2 : 
Item  Quantity  Brand/model  Total Rating 
Solar Panels  5  BP Solar 175 W  875 Watt 
Batteries  2  HAZE Sealed GEL Deep cycle  240 Ah 
Inverter  1  Latronic LS -1224  1200 Watt 
Regulators  2  Steca PR1515 15A Solar 
Steca PR3030 30A Solar 
45 Amp 
Battery Charger  1  Victron Centaur 24V 16A     16 Amp 
 
 
 
Figure 2.2 - 48 Locker PV system [12] 
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It can be seen that with the new requirement that this system is not as large as the Original 
System. This new system consists of 5 BP Solar 24 Volt 175 Watt Solar Panels that are all 
connected in parallel, This gives the system a rating of 875 Watts. [23] 
The panels will have to  be split up into to two sub-arrays. As there are 5 module, one sub-
array will have to contain 3 modules and the other will have 2 modules. The sub-array with 3 
modules will have the 30 Amp Steca regulator to meet the required current rating of 20.4 
amps and the 2 module sub-array will have the 15 Amp Steca regulator to meet the required 
current rating of 13.6 amps. [26] 
This system uses the same batteries that were sized for the Original System, but with the new 
charging station run time the size of the battery bank has been halved. It now only required 2 
of the HAZE Sealed GEL Deep cycle Batteries connected in series. This provided a 240 Ah 
battery bank that will be able to provide enough capacitance to run the system for 
approximately 15 hours which is 1.25 days of autonomy. As the system is only required to run 
for 24 hours this will be enough power to run the system without needing to connect to the 
grid for the 2 days if it is ran during uncloudy days. However if there are cloudy days the 
system can be connected to the main power at night to charge the battery bank. Charging the 
battery with the main power also gives the option of running the system for longer than 2 days 
if needed and if the batteries are getting low they can just be charged up. [27] 
A 1200 Watt rated Latronic was selected. This may be slightly over sized for a 875 Watt PV 
array, but due the system requiring a 24 volt inverter there was not a large range to select 
from. [24] 
When selecting the battery charger a 24 Volt battery charger was selected, this meant the 
battery bank would not have to be re configured to charge the batteries. When connecting the 
main power the recommended maximum charging current was 22 Amps so a charger with a 
maximum charger current of 16 Amps was selected. The selected Victron Centaur 24V 16A   
battery charger does have the ability to charge three batteries at once so it may be slightly 
over sized. The reason it was selected was because it was one of the only suitable 24 V battery 
charger that could be found on the market. A cheaper 12 V battery charger could be used but 
this would then mean the that battery bank would need to be reconfigured for charging. [25] 
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2.2.3 - 96 Locker system 
All calculations can be found in Appendix: A.1.4 96 Locker System 
As the 96 lockers system has the same run time and components as the New 48 Locker System 
it can be expected to be twice as big as there is twice as many lockers. 
When calculating the sizing for the 96 locker system the irradiation on a 46 degree angle had 
to be used. The reason for this is because this system has a large number of solar panels for all 
of them to fit on the back of the trailer they would have to be mounted on a 46 degree angle.  
 
The sizing of 96 Locker System and its components can be seen below in Table 2.4 followed by 
a circuit diagram in Figure 2.3: 
Item  Quantity  Brand/Model  Rating 
Solar Panels  10  BP Solar 175 W  1750 Watt 
Batteries  4  HAZE Sealed GEL Deep cycle  480 Ah 
Inverter  1  Latronic LS -1824  1800 Watts 
Regulators  3  Steca PR3030 30A Solar  90 Amp 
Battery Charger  1  Victron Centaur 24V 40A     40 Amp 
  Table 2.4 [23][24][25][26][27] 30 
 
 
Figure 2.3 - 96 Locker PV system [13] 
 
This 96 Locker System consists of 10 BP Solar 24 Volt 175 Watt Solar Panels that are all located 
in parallel, and has a system ratting of 1575 Watts. [23] 
This system requires 3 sub-array, the first contains 4 modules and the other two containing 3 
modules each. This results in 3 regulator being required. The regulator that was selected for 
this system was a Steca PR3030 30A Solar which is rated at 30 Amp as the name suggests. 
There will be one of these required for each sub-array. [26] 
This system uses the same batteries as the other two systems but the increased load meant 
that the battery bank had to be doubled compared to the 48 Locker system. This resulted in 
the system requiring 4 HAZE Sealed GEL Deep cycle Batteries with 2 strings in parallel and 2 
batteries in series. This will provide 480 Ah and will be able to provide enough capacitance to 
run the system for approximately 16 hours which is 1.33 days of autonomy. As the system is 
only required to run for 24 hours this should more than enough power to run the system 
without needing to connect to the grid for the 2 days if these days are uncloudy. As stated 
before if there is a cloudy day the battery charger can be used to charger up the battery bank. 
[27]  
Solar Panels  
 
Battery Bank 
 
Inverter 
 
Battery Charger 
 
Main Power 
 
A.C Loads 
 
Regulator 
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The inverter that was selected a Latronic LS - 1824 which is a 24 Volts inverter and has a power 
rating of 1800 Watts. [24] 
For this system a 24 Volt battery charger was also selected. The recommended maximum 
charging current was 44 Amps so a charger with a maximum charger current of 40 Amps was 
selected. The selected Victron Centaur 24V 40A battery charger does have the ability the 
charge three batteries at once so it may be slightly over sized, however it was selected for the 
same reasons stated that were stated in the 48 locker sizing. [25] 
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2.3 System Protection 
2.3.1 Main Battery Protection 
The system only contains A.C loads and for that reason the only protection measure that is 
needed is main battery protection. Suitable fuse ratting for the Main battery protection for 
each system can be seen below : 
48 Locker System =80 Amp fuse 
96 Locker System =100 Amp fuse 
[13] 
For calculations see  Appendix : A.1.5 Protection 
 
2.3.2 Lightning Protection 
When performing the lightning protection risk assessment the result was that no lighting 
protection measures are needed. 
[13] 
For calculations see  Appendix : A.1.5 
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3. Design 
When designing the mobile phone charging station, it had to be reasonably easy to construct 
and transport as well as look appealing. First a design was created and then proposed to the 
client. This original design consisted of a 48 locker charging station that was housed inside a 
marquee. All of the solar panels were mounted above the marquee and the battery bank and 
the inverter were located inside the charging stations base. All of the Information regarding 
the Original Charging station can be found in section 3.1. 
Following discussions, it was decided that some alterations were required; these alterations 
included increasing the amount of lockers, removing the marquee and also locating the PV 
modules, inverter and battery bank on the back of a trailer. After discussing these alterations, 
the decision was made to keep the originally proposed charging station design, containing 48 
lockers, however modified to comply with the new alterations. A second charging station 
containing  96 lockers was also to be designed. A method to mount the PV system on the back 
of a trailer was then designed for both of these systems and the marquee was replaced with 
an umbrella. Finally lighting was added to both systems. All of the information regarding the 
two new modified systems can be found in section 3.2 Modified Charging Station Design. 
Having two final designs meant that the client would then have two options, the larger more 
expensive system or the smaller system of 48 lockers.  
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3. 1 Original Charging Station Design 
The Original Charging Station Design consists of the following components: 
  3.1.1 Design of the charging station 
  3.1.2 Charging station and locker dimensions  
  3.1.3 Selected Design 
  3.1.4 Design of the marquee and frame 
 
These are desctribed below: 
3.1.1 Design of the charging station 
To choose a suitable design, a number of different designs were initially created and then 
singled down to one final design. Each of these designs were drawn up in a program called 
Google SketckUp 8 which is a CAD program made by Google [29]. This program allows you to 
work in 3d providing a realistic concept that can be drawn and viewed at any angle.  
Initially, five original designs drafts were created and displayed at a variety of different angles. 
They were then reviewed and the most suitable design was chosen. Once this final design was 
selected, it was redrawn to scale and designed in terms of the sourced equipment.  
There were many factors that would affect the design of the charging station. Most important 
was that the station be designed in a way that it was portable. Method of transport for the 
charging station would determine what sort of dimension limitations it would have. For this 
reason the charging station had to be broken up into a number of different sections. 
The five different designs can be seen below:   35 
 
 Design 1                                                                                                                                                                           
Design 1 has a hexagon shaped base where the 
batteries and inverter will be placed. Above this a set of 
lockers consisting of 8 lockers each set is placed facing 
onwards from each corner of the hexagon base. In 
between each set of lockers is a joining section which is 
slightly slanted to look more appealing as well as to add 
lighting effect. The top section of the charging station is 
hollow so that any wires or support beams for the solar 
panel can be places in that area if need be. This hollow 
section would also make the top half of the station 
lighter and more portable.   
The pros and cons of charging station Design 1 can be 
seen In table 3.1. 
 
 
 
 
 
 
       Front View 
       Side View 
       Top View 
       Bottom View 
       3D View 
Figure 3.1 - Design 1 views 
Figure 3.2 - Design 1 3D view 36 
 
Pros  Cons 
 
  The design of this locker is very eye 
catching. 
 
  It would be possible to split this design up 
into smaller sections that would make it 
more portable to carry and assemble.  
 
  The base of the design is quite large leaving 
plenty of room for the battery and inverter 
to be placed. 
 
  There are 6 sets of lockers evenly located 
around the station so that there is a good 
ease of access to each set of lockers, which 
would help to eliminate lines forming when 
people are waiting to get their phones out. 
 
 
  It is slightly more complex than 
some of the other designs. 
 
       Table 3.1 37 
 
 Design 2 
Design 2 is very similar to Design 1 with the only real 
difference being that instead of having a hexagon base 
it has a circular base. However other than that it has a 
similar design containing 6 sets of lockers which each 
contain 8 lockers. 
The pros and cons of charging Station design 2 can be 
seen in Table 3.2.  
Pros  Cons 
 
  The charging 
Station looks 
reasonably 
appealing 
 
  A circular base and centre 
section limits the material 
used to construct the 
charger station, eg it is 
very hard to bend wood, a 
plastic/fibreglass  or metal 
material would have to be 
used for this. 
 
 
       Front View 
       Side View 
       Top View 
       Bottom View 
       3D View 
       Table 3.2 
Figure 3.4 - Design 2 views 
Figure 3.3 - Design 2 3D view 38 
 
Figure 3.6 - Design 3 3D view 
Figure 3.5 - Design 3 views 
 Design 3 
Design 3 is the simplest of the five designs. It has 
a rectangle shaped base with 6 sets of lockers 
placed on top. There are 3 sets of lockers facing 
out each side which are enclosed in a rectangular 
housing which contains 2 sets of lockers back to 
back. 
The pros and cons of charging Station design 3 
can be seen in Table 3.3.  
Pros  Cons 
 
  It is a very simple 
design 
  Can be broken up 
in to sections so 
that it is more 
portable 
 
 
  If any wires or 
support beams 
were to be run 
down the middle it 
would be very 
noticeable with this 
design as there is 
no hollow middle 
section  
 
  It is not a very eye 
catching design 
 
       Front View 
       Side View 
       Top View 
       Bottom View 
       3D View 
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Figure 3.7 - Design 4 3D view 
Figure 3.8 - Design 4 views 
 Design 4 
Design 4 is quite similar in style to Design 2 however it is 
sitting on an octagon shaped base and only has 4 sets of 
lockers which each contain 12 lockers.  
The pros and cons of charging Station design 4 can be 
seen in Table 3.4.  
Pros  Cons 
 
  It would be 
possible to split 
this design up 
into smaller 
sections that 
would make it 
more portable 
to carry and 
assemble  
 
 
  Although the design 
looks reasonably in 
proportion, in physical 
reality, a design with 12 
lockers in a row may be 
too high and hard for 
the user to reach and 
plug in their mobile 
into. Eg if the locker 
was approximately 15 
cm including the 
spacing in between 
locker, 12 lockers in a 
row would be 180 cm 
high not including the 
base of the charger that 
would contain the 
batteries. 
 
 
       Front View 
       Side View 
       Top View 
       Bottom View 
       3D View 
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Figure 3.9 - Design 5 views 
 Design 5 
Design 5 is a reasonably simple design. It is a 
rectangular shape with the corners cut off to make it 
look similar to an octagon. The base of the charger is 
slightly smaller than the top section of the station to 
make the design more appealing to the eye. The 
lockers are located at each corner of the charging 
station as seen in the figure to the left.  
This design has 4 rows of lockers each containing 
approximately 12 lockers, the station would consist of 
approximately 48 lockers. 
The imbedded rectangle sections on each face of the 
station (in between each set of lockers) was added to 
make the design more appealing as well as to add 
lighting effect when lights are added. Looking closely 
at the design reveals that the rectangle section is 
slightly angled, so that a light can be placed at the top 
of this section facing straight down to light up the 
whole rectangle area. 
The inside of the charger station is hollow so that all 
the batteries and the inverter can be placed inside. 
       Front View 
       Side View 
       Top View 
       Bottom View 
       3D View 
Figure 3.10 - Design 5 3D view 
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The pros and cons of charging station design 5 can be seen in Table 3.5.  
Pros  Cons 
 
  Solid design 
 
  Reasonably 
simple shape 
 
  Easy to add 
lighting due to 
the slanted 
rectangle area. 
 
 
  It may be difficult to design it in a way that it is easily 
portable, as it cannot really be broken down in to a 
section of smaller parts. 
 
  Although the design looks in proportion, in reality a 
design with 12 lockers in a row may be too high and hard 
for the user to reach and plug in their mobile. Eg  If the 
locker was approximately 15 cm including the spacing in 
between lockers, 12 locker in a row would be 180 cm high 
not including the base of the charger that would contain 
the batteries. 
 
 
3.1.2 Charging station and locker dimensions  
Before the exact dimensions of the charging station were chosen certain locker height 
restrictions had to be investigated.  The Charging Station had to be designed so that it provides 
ease and convenience to reach the locker and connect the phone. This meant it could not be 
so high that the locker was out of reach or so low that you have to bend down to connect your 
mobile phone. It had to be a suitable design for people of all different heights.  
In order to ensure that the lockers could be used comfortably, the dimensions of the Charging 
Station have been based on the average heights of men and women in Australia. Using the 
average heights of 1.746 meters for men and 1.645 meters for women,  suitable height ranges 
of lockers were decided. [30] 
Any lockers exceeding 1900mm height would be too high to access the locker and anything 
lower than 500mm would cause discomfort when connecting a mobile phone. The suitable 
locker height range compared to the average height of Australian men and women can be 
seen on the image in figure 3.11: 
       Table 3.5 42 
 
 
 
 
 
 
 
 
 
 
These suitable height ranges can be used to choose the dimensions of the lockers. As the 
suitable locker height ranges from 500mm to 1900mm this leaves a maximum of 1400mm for 
the height of the lockers (not including the base). As the base holds the batteries and the 
inverter it needs to provide a substantial amount of spacing. In order to provide this space the 
base should be approximately 600 mm to 700 mm. 
When considering the size of the lockers which will contain the all in one charger they needed 
to have enough room to store the AC to DC converter, all the cords that come out of it and a 
phone. It also had to be kept in mind that there had to be enough room to comfortably put 
your hand in the locker and connect the phone. For these reasons the chosen suitable 
dimensions for each locker were 200 mm wide, 150mm height and 250mm deep. These could 
be custom made, by a company called Excel Lockers. [9] 
Assuming that the set of lockers was going to be 8 lockers high the height of the set of lockers 
will be 1200mm high. This height is suitable and does not exceed the maximum or minimum 
locker height range. 
   
Figure 3.11 - Locker height range compared to average Australians height. 
[30] 
175 cm   165 cm  
60 cm  
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3.1.3 Selected Design 
After examining all 5 designs, Design 1 was chosen to be the most suitable. This decision is 
based on the fact that Design 1 was the most eye catching and its shape is designed in such a 
way that it could be broken up into a few different sections. This would make it easier to lift 
and move around as it would be a lot lighter than a one piece charging station. It also has a 
large base that would be suitable to hold the battery bank, inverter and all other components. 
Once chosen, some aspects of the design were modified to make the design more practical. 
This included changing the slanted panels located in-between each set of lockers, so that they 
were completely vertical. This made the construction of the charging station a lot simpler and 
easier to construct. The base was also be widened so that there was plenty of room to store 
the batteries and the inverter.  This would also improve stability of the top section because it 
would no longer be overhanging the base.  
The design was then split into 7 different sections, so that it is more portable. The dimensions 
of these different sections were then fitted around the selected dimensions of the lockers and 
the height restrictions that were discussed earlier.  
These sections along with the selected dimensions can be seen below: 
1. The Base- The first section of the charging station is the base. This consists of a hollow hexagon shape 
with a closed bottom and an open top. All the batteries and the inverter are located in the base. When 
setting up the charging station putting the base in the desired location will be the first step. The 
dimensions of this section can be seen in figure 3.12 below : 
 
 
Figure 3.12 - Original Charging Station base  44 
 
 
 
 
 
 
2. The Base Lid - The second section of the charging station will be the lid for the base. This will be 
slightly larger than the base so that it overlaps and connects nicely when placed on top. It will be the 
support for the top half of the charging station and will contain holes that the other sections of the 
station will connect into for support. The base will have a radius of  660mm  and will overlap the base by 
10 mm. The dimensions of this section can be seen in figure 3.13 below : 
 
 
 
 
 
Figure 3.11 - Original Charging Station base lid 45 
 
 
 
 
 
 
3. & 4. Locker Housing - Section three and four are both identical. They are used to house one of the 
sets of lockers each and are essentially just a hollow rectangular shape providing the area for lockers to 
slip into. These sections are located on the top of the base lid, one on the left side and one on the right. 
This housing will help to protect the lockers and also make the charging station look flush. The 
dimensions of this section can be seen in figure 3.14 below : 
 
 
 
 
 
Figure 3.12- Original Charging Station locker housing 46 
 
 
 
 
5. & 6. Locker Housing - Sections five and six are also both identical and will be located on the left and 
right of sections 3 & 4. With these sections being the most complex, both contain two hollow rectangle 
sections similar to the last section, these two rectangle sections will be connected together at a 60 
degree angle by a triangular section. This will create the joining piece in between the section of lockers.. 
The dimensions of these sections can be seen in figure 3.15 below: 
 
 
 
 
 
 
 
Figure 3.13 - Orignal Charging Station locker housing 47 
 
 
 
 
7. The Roof- The last section of the charging station is the lid. This will be used to help hold section 3,4,5 
and 6 together and make the charging station sturdy. Details on the connection methods can be found 
later in section 3.4.2 The Connection Method. The dimensions of this section can be seen in figure 3.16 
below: 
 
 
 
 
 
 
 
Figure 3.14 - Original Charging Station roof 48 
 
Finally the completely assembled design with the lockers in place can be seen in figure 3.17 
below: 
The main idea of the design is that the weight of the different sections will hold it all together 
and it will all lock into place. This way, when it is being assembled no tool will be needed and 
there will be no small parts that could be lost. This will also cut down on assembling time. 
If required, a side door can be installed into the side of the base. This would help to get to the 
batteries or inverter once it was completely set up. Once the door is open there could be a 
sliding shelf that the battery and inverter sit on so that it can be slid out and worked on easily. 
This is not going to be in the final design but it is an idea for the client. This would however add 
to the cost of the structure. 
Once the client had a look at the Proposed Charging Station it was decided that a charging 
station with around 100 lockers was desired. The 48 locker charging station was still used, 
however a charging station that contains 96 lockers was also designed. That way the client had 
the option of choosing between the 48 locker system or the 96 Locker system and  could select 
the most appropriate system for their budget.  
Figure 3.15 - Proposed Charging Station complete design 49 
 
3.1.4 Design of the Marquee and Mounting Frame 
The design for the Marquee included the marquee it- self and the design for the solar panels 
frame. Two different mounting frames were designed around the Pavilion and Crest marquee.  
The most appropriate marquee and mounting frame was then selected.  
Both the Pavilion and Crest marquee have a roof that is suitable to mount solar panels in a 
straight line, enabling all the solar panels to facing the sun. The only limitation to this would be 
that the marquee would have to be positioned so that it was facing the sun. 
For both designs of marquee two side walls would be appropriate to give the charging station 
protection leaving the back and front of the marquee left open for people to enter the 
marquee.  
3.1.4.1 Solar Panel Positioning 
Depending on if the Pavilion range or the Crest range was chosen the mounting system would 
be slightly different. A concept drawing of both options for the solar panel mounting position 
on can be seen below in figure 3.18 and 3.19. [5] 
 
 
 
 
 
 
From figure 3.18 It can be see that the solar panels on the Pavilion tent are mounted directly 
above the entrance door. The frame for the solar panels must sit next to the two side walls so 
that it is not obstructing the entrance. This way when people walk in to charge their phones, 
they are able to look up and see the solar panels that are used to charge their phones. The 
downside to the Pavilion is that the solar panels do not sit flush with the roof line because of 
the shape of the roof. [5] 
The Crest marquee has a different roof structure to the Pavilion range, so the solar panels have 
to be mounted on the side of the roof of the marquee and not directly above the entrance as 
on the Pavilion marquee. In this case the solar panels would sit flush with the roof line which 
looks more appealing. The Crest range is also a lot stronger than the Pavilion range. [5] 
Figure 3.19 - The Crest Marquee   Figure 3.18 - The Pavilion Marquee 50 
 
3.1.4.2 PV Mounting Frame  
The mounting system for the solar panels would have to be custom made as there is no off the 
shelf mounting system that would be suitable. There are two ways in which the frame may be 
fitted, firstly it could go straight over the marquee and not touch it at all. Secondly, it could be 
inside the marquee. Both options have their pros and cons.  
If the frame was sitting straight over the marquee it would be seen from the outside of the 
marquee and would not look as attractive as it would cover some of the design on the 
marquee. This could also prove to be a tripping safety hazard. Alternatively if the frame was on 
the inside of the marquee it would look more appealing as the frame would be out of sight. 
The only downside to having the fame on the inside is that holes would have to be cut in the 
marquee so that the frame could get through the marquee roof. Both the designs mentioned 
can be seen in figure 3.20 below.  
 
Figure 3.20 - PV system mounting frame options  
The Pavilion - outside frame  The Pavilion - inside frame 
The Crest - outside frame  The Crest - inside frame 51 
 
Of the designs above in figure 3.10, the most suitable is the Crest Marquee with the PV 
mounting frame located on the inside. This is the most visually and constructionally appealing. 
However when the Crest Marquee with the PV mounting frame on the inside was proposed to 
the client it was resolved that there was no need for a marquee. Instead of mounting the PV 
modules above a marquee, it was decided to locate them on the back of a trailer, for this 
reason the design of the Marquee did not proceed.   
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3.2 Modified Charging Station Design 
The Modified Charging Station Design consists of the following components: 
3.2.1 Design of the new 96 Locker Charging Station 
3.2.2 The connection method 
3.2.3 The umbrella design 
3.2.4 PV system mounting trailer 
3.2.5 Lighting 
All of these sections can be found in detail below: 
 
3.2.1 Design of the 96 Locker Charging Station 
The 96 Locker Charging Station was based on the Original Charging Station Design and hence it 
is a very similar design. The difference however, is that instead of having sets of lockers that 
contain 8 lockers, the 96 locker design has sets of lockers that contain 16 lockers, with 8 
lockers side by side. To accommodate this change the size of the base of the charging station 
had to be increased. The 96 Locker Charging Station is still split up into similar sections as the 
Original Charging Station Design. However the dimensions are slightly larger and the base and 
the lid have been combined resulting in only 6 sections. 
Now that the PV system can be located on a trailer, the base of the system will no longer need 
to be used to hold the battery bank and the inverter. 
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The 6 sections for the 96 Locker Charging Station along with the dimensions are illustrated 
below:    
1. The Base- The base no longer has a lid because there is no longer any need to store the battery bank 
and the inverter inside. This makes the charger station a much simpler design. The dimensions of this 
section can be seen in figure 3.21 below: 
 
Figure 3.21 - 96 Locker Charging Station base 
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2. & 3. Locker Housing - Sections two and three are both identical. They are used to house one set of 
lockers each, and are a hollow rectangular shape into which the lockers can slip. Both these sections are 
located on the top of the base lid one on the left side and one on the right. This housing will help to 
protect the lockers and also make the charging station look flush. The dimensions of this section can be 
seen in figure 3.22 below: 
 
 
 
 
Figure 3.22 - 96 Locker Charging Station Locker housing 55 
 
 
 
 
 
 
4. & 5. Locker Housing - Sections four and five are also both identical and will be located left and right of 
section 2 & 3. These sections are the most complex and contain two hollow rectangle sections similar to 
the last section, these two rectangle sections will be connected together at a 60 degree angle by a 
triangular section. This will create the joining piece in between the section of lockers.. The dimensions of 
these sections can be seen in figure 3.23 below: 
 
 
 
 
Figure 3.23 - 96 Locker Charging Station locker housing 56 
 
 
 
 
6. The Roof- The last section of the charging station is the roof, This will be used to help hold section 
2,3,4, and 5 together and make the charging station sturdy. A Detailed connection method can be found 
later in section 3.4.2 The Connection Method. The dimensions of this section can be seen in figure 3.24 
below: 
 
 
 
 
 
 
Figure 3.24 - 96 Locker Charging Station roof 57 
 
The complete charging station with the lockers inserted can be seen in figure 3.25 below: 
 
Figure 3.25 - 96 Locker Charging Station complete design 
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3.2.2 The Connection Method 
Both the 48 locker and 96 locker charging station have been designed so that they are held 
together by their own weight. To do this raised squares could be put on the top of each 
section, then openings could been placed on the roof of the charging station and also at the 
bottom of each section. The raised squares will slide into these opening and then be reinforced 
by a lynch pin. An image describing this can be seen in figure 3.26 below: 
  
 
Figure 3.26 - Description of connecting method  59 
 
3.2.3  The Umbrella Design 
Instead of having the marquee for shelter and shading, a suggestion would be to use an 
umbrella that could be mounted above the stations. This would then provide shade for people 
using the charging station. This will slide into the middle of the charging station. 
A concept drawing of both Charging Station Designs with an umbrella can be seen in Figure 
3.27. 
 
3.2.4 The PV system Mounted on a Trailer 
There will have to be two different mounting frames for the trailer, one to accommodate the 
48 locker system and one for the 96 locker system. The way in which the mounting frame will 
be designed is similar to the images found in the research section. 
Due to the size of the Solar Modules a car trailer would have suitable size. The PV module 
mounting will have to be road worthy because they will be used on the road at a variety of 
speeds. Having to comply with road regulations, including size and build quality regulations.  
With the solar panels mounted at an angle, all of the batteries, inverter and other components 
can be located underneath the solar panels.  
3.2.4.1 - 48 Locker System Mounting 
For the smaller 48 locker system a car trailer would be the most suitable. However if it is 
possible to fit all the solar panels on the back of another smaller trailer that could also be used. 
The Solar panels will be mounted at a fixed 31 degree angle on the back of the trailer, with the 
battery, inverter and other components located underneath.  
*Information regarding the dimensions of the solar panels and trailer can be found in appendix: 
A.2 
Figure 3.27 - 48 Locker System (left) and 96 Locker System (right) with umbrella 60 
 
A concept image of the 2x4 m trailer with the 48 Locker PV system mounted on it can be seen 
below in Figure 3.28. 
 
3.2.4.2 - 96 Locker system Mounting  
For the larger 96 locker system, the trailer can be a minimum 2 meters by 4 meters, so a car 
trailer will be advisable. This system needs 10 PV modules which will take up an area of 3186 x 
3950 mm, which is quite a large space. For this reason they will need to be mounted on a 46 
degree angle (all sizing has been accounted for at 46 degree angle). Mounting the panels at 
this angle means that they will not take up much room in the horizontal dimension. 
Information regarding the dimensions of the solar panels and trailer can be found in appendix: 
A.2 
 
Figure 3.28 - 48 Locker PV system mounted on the trailer [29] 61 
 
The back of the trailer could also be used to display a sponsors advertisement. A concept 
image of the 2x4 m trailer with the 96 Locker PV system mounted on it can be seen below in 
Figure 3.29. 
 
   
Figure 3.29 - 96 Locker PV system mounted on the trailer [29] 
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3.2.5 Lighting 
Lighting will be needed on the charging station and coloured lighting will enhance the 
appearance of the station at night. It is also important that there is enough light for people to 
see when they are connecting their mobile phones after sunset. This light could be provided by 
white lights.  
To make the charger eye catching decorative lights are going to be placed in the section in-
between each set of locker. In these locations multi coloured LED light [18] are going to be used. 
As there are six gaps in between the lockers there will have to be six of these multi coloured 
LED lights. The location of these can be seen in Figure 3.30 below.  
 
 
 
 
 
 
 
To install these lights, holes will have to be cut in to the Roof of the charging station as 
indicated by the red circles. The manufacturer of the charging station will need to be advised 
of the location and the exact dimensions of these holes. Light fittings will then have to be 
installed in these locations. If possible it would be beneficial to angle the lights so that they are 
slightly facing inwards onto the wall of the charging station shining the light down that wall. 
The lights can be remotely controlled and the manager of the charging station can set the light 
to any colour they desire. 
Mounting the white LED flood lights [7] will depend on where the client wants to house the 
charging station. However if the charging station is housed under an umbrella instead of a 
marquee the flood lights could be mounted to the frame. The flood lights already have a 
mounting frame so they should be easy to attach with a screw, or zip ties could be used. They 
could then be facing towards the charging station. Mounting location along with the beam 
direction can be seen in Figure 3.31 below where the marquee of umbrella is represented by 
the blue square. Each flood light is represented by the orange dot and the beam direction is 
represented by the red lines.  
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Figure 3.31 - White LED flood light position  
The lighting should be set up with two different sections that can be turned on and off to help 
save power. This can be divided into the coloured lighting and the white flood lighting. 
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4. Sourcing and Pricing 
To make it easy for the customer to purchase and construct the Mobile Phone Charging Station 
all of the system parts and components have been sourced and  quotes have been given. This 
way when the client wants to purchase the parts all they have to do is look through the list 
below, contact the company and mention the quote for Nathan Sharpe, provided that they are 
still valid. 
The sourcing of certain components have been broken up into the following sections: 
  The PV System 
  The Charging Station 
  Miscellaneous items   
 
From this the final estimated price of both the systems was calculated. 
 
Each of these section contains a list of parts followed by the company that produces the part 
and then a  quote for each of the parts. As there are two systems the systems have been split 
up into separate sections. 
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4.1 The PV system parts 
The PV system will include all of the components related to the PV system plus any of the 
mounting structure, this means it will include the trailer. 
4.1.1  -  48 Locker Station 
Item  Quantity  Make and Brand  Company  Quote 
Inverter  1  Latronics LS 
1200W 24VDC 
to 240VAC Pure 
Sine Wave 
Inverter 
Solaronline.com.au 
[12] 
 
Per Item=$ 1420.00 
Shipping = $29.01 
Total = $ 1449.01 
Solar Panel  5  BP 4175 175W, 
24V 
Batteriesplus.com.au 
[11] 
Per Item = $717.00 
Total = $3585.00 
Battery  2  276Ah Haze 12V 
GEL Deep Cycle 
Battery 
Solaronline.com.au 
[12] 
Per Item =$879.00 
Shipping = $222.06 
Total  = $1980.06 
Regulator  2 (in 
total) 
Steca PR1515 
15A  
& 
Steca PR3030 
30A  
Solaronline.com.au 
[12] 
Per Item (15 A)= 
$165.00 
(30 A) =$225.00 
Shipping = $12.93 
Total = $402.93 
Battery 
Charger 
1  Victron Centaur 
24 V 16A 
Apolloenergy.com.au 
[28] 
Total =$638.88 
Total        $8055.88 
 
Trailer  1  NA  Can be bought 
second hand  
Approximately 
$5000 
Mounting System 
for trailer 
(including design) 
1  NA  NA  Assumed 
$4000 
Total        $10,000 
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4.1.2 -   96 Locker Station 
Item  Quantity  Make and Brand  Company  Quote ($) 
Inverter  1  Latronics LS 1800W 
24VDC to 240VAC 
Pure Sine Wave 
Inverter 
Solaronline.com.au 
[12] 
 
Per Item=$ 1860.00 
Shipping = $31.94 
Total = $ 1891.94 
Solar Panels  9  BP 4175 175W, 
24V 
Batteriesplus.com.au 
[11] 
Per Item = $717.00 
Total = $ 6453.00 
Battery  4  276Ah Haze 12V 
GEL Deep Cycle 
Battery 
Solaronline.com.au 
[12] 
Per Item =$879.00 
Shipping = $432.66 
Total = $3948.66 
Regulator  3  Steca PR3030 30A   Solaronline.com.au 
[12] 
Per Item = $225.00 
Shipping = $14.39 
Total = $689.39 
Battery 
Charger 
1  Victron Centaur 24 
V 40A 
Apolloenergy.com.au 
[28] 
Total =$1169.23 
Total        $14,152.22 
 
Trailer  1  NA  Can be bought 
second Hand to save 
money 
Approximately 
$5000 
Mounting System 
for trailer 
(Including design) 
1  NA  NA  Assumed 
$6000 
Total        $10,000 
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Table 4.4 
4.2 The Charging Station parts 
4.2.1   -   48 Locker Station 
Item  Quantity  Make and Brand  Company  Quote ($) 
The Charging 
Station Structure 
Seven sections  Aluminium  C & S Sheet 
Metal [4] 
Total = $4400 
The lockers  48  6 sets of 8 lockers 
each 20 wide by 
15 cm high by 25 
cm deep 
Excel Lockers 
[9] 
Per Item = 
$3115.20 
Shipping =$418.00 
Total = $3533.20 
All in one 
charger 
50  10 in one Charger  SinoTec 
Industries Co 
[2] 
Total =$402.42 
Umbrella  1    An umbrella 
has not yet 
been sourced 
See 4.4 Final Cost 
Total        $8335.62 
 
4.2.2 -  96 Locker Stations  
Item  Quantity  Make and Brand  Company  Quote ($) 
The Charging 
Station 
Structure 
Seven 
sections 
Aluminium  C & S Sheet 
Metal 
[4] 
Total = $6000 
(estimated from 
48 locker charging 
station quote) 
The lockers  96  6 sets of 16 lockers 
each 20 wide by 15 
cm high by 25 cm 
deep 
Excel Lockers 
[9] 
Per Item = 
$6230.40 
Shipping =$418.00 
Total = $ 6648.40 
All in one 
charger 
100  10 in one Charger  SinoTec 
Industries Co 
[2] 
Total = $695.79 
Umbrella  1    An umbrella 
has not yet 
been sourced 
See 4.4 Final Cost 
Total        $13344.19 
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4.3 Miscellaneous items   
The miscellaneous section will include all of the lighting plus any other items that at required 
for the charging station. 
4.3.1  - Both Stations 
Item  Quantity  Make and Brand  Company  Quote ($) 
Multi coloured 
light 
6  1 x 3W E27 85V-
265V RGB Multi 
16 Colours Globe 
LED Light Bulb 
Ebay company 
[18] 
$89.35 (free 
shipping) 
White Lights  4  10W MX CHIP 
LED Floodlight 
240V COOL 
WHITE 
Superlight 
[7] 
 
Total =$699.60 
Total        $788.85 
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4.4 Final Cost 
The final estimate cost includes all of the parts that are listed above. There are some parts and 
labour costs that have not been sourced and included. These include electrical design and 
wiring, assembly of the station and an umbrella. For that reason $4000 has been added to 
compensate for these missing parts. 
Station  Total parts price  + $4000  
(for additional costs) 
Approximate Price 
48 Locker Charging 
Station 
$26,180.45  $30,180.45  $30,500 
96 Locker Charging 
Station 
$39,285.36  $43,285.36  $43,500 
 
 
Both of the systems meet the clients budget, for this reason the 96 Locker system would be 
most suitable as it has more lockers, and the cost per locker is less.  
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5. All in one charger tests 
One of the all in one chargers that was going to be installed inside each locker was purchased, 
so that tests could be run to see if it was suitable. Due to the time constraints only basic 
testing could be conducted. This included: 
1. Testing what kind of phones worked on the charger. 
2. Testing if the charger could charge a phone with a completely dead battery. 
3. Testing the charge time of a phone. 
5.1 Results 
5.1.1 Test 1 
For testing what kinds of phones would work on the charger, five different phones were 
tested. These included a Nokia 6300, two Iphones 3S, Iphone 4,  Iphone 4S and a Samsung 
Galaxy. The results for this can be seen in table 5.1. 
Test 1 - Can the charger the phone 
Phone brand    Connection  Charging 
Nokia  6300  Connection was successful  Charging was successful 
Apple  Iphone 3S (no. 1)  Connection was successful  Charging was unsuccessful 
Apple  Iphone 3S (no. 2)  Connection was successful  Charging was unsuccessful 
Apple  Iphone 4  Connection was successful  Charging was successful 
Apple  Iphone 4S   Connection was successful  Charging was successful 
Samsung  Galaxy  Connection was successful  Charging was successful 
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5.1.2 Test 2 
The second test was testing if the charger could charge a phone with a completely discharged 
battery, to do this a Iphone 3S and an Iphone 4S were tested. The results can be seen in 
table5.2 
Test 2 - Test to see if the charger could charge a phone with a completely discharged battery 
Phone Brand  Type  Result 
Apple  Iphone 3S  No response 
Apple  Iphone 4S  A charging symbol came up 
when the phone was first 
connected, however the 
phone battery was never 
charged. 
 
5.1.3 Test 3 
For test 3 an Iphone 4S was used, as the phone would not charge once the battery was 
completely discharged. It was tested how long it would take to charge the phone from 19 
percent to 100 percent battery life. The battery percent was taken at different time intervals 
and the results for this are graphed below in Figure 5.1. 
 
 
Figure 5.1 - Minutes vs Percentage Charged Graph 
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A trend line was then fitted to the graph and the gradient was used to estimate how long it 
would take to charge a phone from 0 percent to 100 percent. A table that indicated an 
estimate on how long it would take to charge the phone for different battery percentage was 
then created. This can be seen below in Table 5.3. 
Percentage 
Approximate Charge time 
(minutes) 
Approximate charge time 
(hours: minutes) 
0  136  2:16 
10  122  2:02 
20  109  1:49 
30  95  1:35 
40  82  1:22 
50  68  1:08 
60  54  0:54 
70  41  0:41 
80  27  0:27 
90  14  0:14 
100  0  0:00 
 
5.2 Discussion  
5.2.1 Test 1  
The all in one charger had a connection for each of the different mobiles. Unfortunately the 
charger was unable to charger the Apple Iphone 3S. When the phone was connected there was 
no response. All of the other phones that were connected were successfully charging. 
5.2.2 Test 2 
When testing to see if it could charger a phone with a completely discharged battery, two 
phones were used, these were the Iphone 4S and the Iphone 3S. As the Iphone 3S did not even 
charge when the phone was on, it was very unlikely for it to charge when the battery was 
completely discharged. When it was connected there was no response and there was no 
evidence to indicate that the phone was being charged. When the Iphone 4S with the 
completely discharged battery was connected a charging sign came up to indicate that it was 
charging, the phone was then left for 45 minutes. Once the phone was taken off the charger 
the phone still did not turn on, so charging a phone with a completely dead battery was 
unsuccessful. 
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5.2.3 Test 3 
The total time to charge the phone from 19 percent to 100 percent was 112 minute (1 hour 52 
minutes). Readings were taken approximately every 5 minutes. Checking the percentage of the 
phone so regularly may have slightly interrupted the charging, as each time it was checked the 
screen was lit up and may have drawn some power. For this reason it would be a good idea to 
run further tests to see how long it would take to charge the phone uninterrupted.  
From the results it can be seen that the graph for minutes vs percentage charged is almost 
linear. This means the phone charges at approximately the same speed no matter what the 
percentage of the battery is.  
Using the trend line  could estimate how long it would take to charge an Iphone 4 at different 
battery percentages. It was estimated that it would take 2 hours and 15 minutes to charge a 
phone from 0 percent to 100 percent. In reality if the battery is completely discharged most 
phones need to be plugged into the charger for a few minutes before it turns on. This initial 
discharged battery charge time is not included in this calculation and it assumes that the 
phone is initially turned on, so it would take slightly longer than 2 hours and 15 minutes, if the 
charger was capable of charging a phone with a completely discharged battery.  
5.3 Summary of  test results 
From running the three test on the all in one charge proved to be very unreliable. There could 
be more test conducted, but as the charger was inadequate the best option would be to 
purchase another all in one charge to run tests on. 
Once finding a charger that is reliable it would be beneficial to reconduct test 3 on a number of 
different types of phones. That way an estimate of how long it would take to charge a variety 
of different phone types could be calculated. 
Testing how much power the all in one charger draws would also be beneficial to see if the 
sizing of the PV system is suitable. In the sizing calculations it was assumed that the all in one 
charger was 85% efficient, so testing its true efficiency could be investigated.  
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Conclusion 
The project resulted in two different charging station being designed, there was an initial 
charging station which was proposed to the client. As modifications to this design were needed  
a 48 Locker Charging Station and a larger 96 locker charging station were designed to comply 
with these new requirements. Having two designs to choose from meant that the client had 
the option to select the charging station that was most suitable and met their budget. 
The 48 Locker Charging Station consists of 48 lockers, as the name suggests. It contains a 
Photovoltaic system that has a rating of 875 Watts and a battery bank rated at 240 Ah. This 
battery bank has enough capacity to power the system for 17.4 hours assuming there is no 
solar power. The PV system has been designed so that it can be mounted on the back of a 
trailer to increase portability. The Charging Station has been designed so that it is eye catching.  
For durability, it will be constructed out of aluminium. So that there is appropriate lighting at 
night time LED lighting has be selected; this includes multi colour LED lights for decorative 
proposes as well as white LED flood light which will provide a substantial amount of light 
surrounding the charging station. The total estimated price to construct this charging station is 
$30,500. 
Images of the 48 Locker Charging station with the designed mount trailer can be seen below. 
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The 96 Locker Charging Station is twice as large at the 48 Locker Charging Station. For this 
reason It contains a Photovoltaic system that is twice as large, with a rating of 1750 Watts and 
a battery bank rated at 480 Ah. This battery bank has enough capacity to power the system for 
17.7 hours assuming there is no solar power. The PV system has also been designed so that it 
can be mounted on the back of a trailer. The Charging Station is a similar design to the 48 
locker version but to house the increased amount of lockers it is slightly larger. It is also 
constructed out of aluminium. This station contains the exact same lighting set up as the 48 
locker version. The total estimated price to construct this charging station is $43,500. 
Images of the 96 Locker Charging station with the designed mount trailer can be seen below: 
 
 
 
 
 
 
Both of the systems have been designed so that if that battery bank is running low they can be 
connected to the main power to charged up. This make the station more versatile so that it has 
the ability to be used during winter, or for a number of continuous days.  
These two designs fit the clients budget and for this reason the larger 96 locker charging 
station would be more suitable as it can charge twice as many phone. The main aspect of the 
project have been completed. However there are certain aspects that could be looked at into 
more detail before the charging station is constructed. This leaves future work for the project. 
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Further Study 
This topic was very broad, so when completing the thesis most of the main aspects were 
completed. However there are more detailed aspects that still need to be looked into. Some of 
these include: 
Testing the All in one charger 
From the basic testing the all in one charger proved to be very unreliable, for this reason a new 
all on one charger would have to be selected. With the new charger it would be a good idea to 
run the test as seen in chapter 5, on a variety of different phones. Testing the input power and 
current waveform drawn by the charger would need to be done before construction of the 
Charging Station. In the sizing calculations it was assumed that the charger was 85% efficient, 
so if it had a lower efficiency the sizing of the system would have to be recalculated.  
Connection of AC Loads 
A way of connecting the AC loads the system will have to be determined. The load of the 
system is too large to be treated as a single load, so the most suitable connection method 
would be to install a main switch board for the AC loads. There are three typical ways of 
connecting the system to a main switchboard, however each of these scenarios have to be 
earthed for it to be safe and as the system is portable it cannot easily be earthed. This issue 
will have to be left for further studies. [20] 
A suitable way to connect all of the All in one chargers will also have to be looked into. They 
could all be connected using power boards, however if there are 96 chargers that would 
require a large amount of power boards. As the charger  would also have a American power 
connection this was an issue that needs to be addressed. An option could be to cut the power 
plug off each and then wire a number of the all in one chargers together. This issue will still 
have to be resolved. [20] 
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System configuration 
Alternatively instead of a series system configuration a switched configuration could be looked 
into as seen in figure 4. Having a switched system would add the advantage of charging the 
battery bank as well as directly supplying power to the A.C loads. Having a switched system 
involves having a switch so that when the main power is connected the inverter is 
disconnected, then when the main power is disconnected the inverter is reconnected. This 
switching can be done either automatically or manually. [20] 
 
 
 
 
 
 
The problem is finding a way to connect the main power that is safe and complies to Australian 
standards. There are two issues here that would have be looked into. Firstly there would have 
to be a suitable way found to connect the main power, as the main power and the inverter 
cannot run together in parallel. Then secondly it would have to be determined if the load of 
the charging station can be supplied by a typical extension cord or the General Purpose Outlet. 
Finding a way to have a switched system would be advantageous as it would be able to then 
run the loads straight from the main power as well as charge the battery. This could be looked 
into for future work. 
Earthing Solution 
To make the system safer it would be a good idea to have it earthed. However as the Charging 
station is portable and it is never in the same location a permanent earth cannot be installed. 
There may be a suitable way to connect a portable earth that compiles to the Australian 
standards. Aspects related the electrical safety of the system require further study. [20] 
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Appendix 
A.1 Sizing calculation 
To size each system the Australian standard AS4509.2 was closely followed [13] 
A1.1 Equations used  
The sizing of the system was calculated using the method from AS4509.2. It was followed by 
developing a table similar to the example seen in AS4509.2. All of the values were then 
calculated using an Excel Spreadsheet. 
All of the equations that were used in these tables can be seen below: 
Average daily energy consumption 
???𝑖?? ???? ?????? = ??? ?? ????? ∗ ????? ?𝑖??                                              Equation 1 [13] 
 
Surge demand A.C loads: 
????? ?????? =
?????
??∗?????  ??????                                                                                      Equation 2[13] 
where 
surge demand d= surge demand, in volt amperes (VA) 
power = real power consumption when running, in watts (W) 
pf = power factor of the device when running 
surge factor = a factor which depends on the type of load 
[13] 
 
PV cell temperature 
 
Tcell, eff  =  Ta, day  +  25                                                                                                           Equation 3 [13] 
 
where 
 
Tcell, eff = average daily effective cell temperature, (C) 
Ta, day = daytime average ambient temperature for the month of interest, (C) 
[13] 
 
*This equation was used when calculating the module current at 30V at the operation 
temperature in the Photovoltaic array and regulator sizing selection (part 1)table found in 
A1.2,A1.3 and A1.4 [13] 
 
The output of the photovoltaic array with standard switched regulator design 
 
The derated output current of the module can be calculated using : 81 
 
 
Imod  =  IT, V  ×  fman  ×  fdirt                                                                                                                                                      Equation 4     [13] 
 
 
Where 
 
Imod = derated current output of the module, (A) 
IT, V = output current of the module at the average daily equivalent cell temperature, daily 
average module operating voltage, and irradiance specified under standard operating 
conditions, (A) 
fman = derating factor for manufacturing tolerance 
fdirt = derating factor for dirt/soiling 
[13] 
 
The average daily charge output of the array can be calculated using: 
 
Qarray  =  Imod  ×  Htilt  ×  Np                                                                                                                                                    Equation 5    [13] 
 
Where 
 
Qarray = average daily charge output of the array, in ampere hours (Ah) 
Imod = derated current output of a module, in amperes (A) 
Htilt = daily irradiation on the tilted plane (PSH) 
Np = number of parallel strings of modules in the array 
[13] 
 
Battery sizing- energy storage 
?
? = 
????
???
∗
𝑇???
?𝑂? ???
                                                                                                                 Equation 6   [13] 
Where 
??  = battery capacity, specified for an appropriate discharge rate x, (Ah) 
???? = total design daily energy demand from the d.c. bus, (Wh) 
𝑇???  = number of days of autonomy 
??? = nominal voltage of the d.c. bus, (V) 
?𝑂????  = design maximum depth of discharge of the battery, (%) 
[13] 
 
Daily depth of discharge 
?𝑂?? = 
????
???∗??
                                                                                                                  Equation 7  [13] 
Where 
?𝑂?? =  daily depth of discharge of the battery, (%) 
???? = total daily energy demand from the d.c. bus, (Wh) 
??? = nominal voltage of the d.c. (V) 
?? = battery capacity[13] 
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Battery Charger Sizing 
The equation below can be used to estimate the required battery charger size: 
𝐼?? = 0.1 ∗ ?10                                                                                                                Equation 8  [13] 
Where 
𝐼?? = maximum charge current of the battery charger, (A) 
?10 = 10 h rate capacity of the battery,  (Ah) 
[13] 
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A.1.2 - Original Proposed System Sizing [13] 
         A.C Loads                   
Item  No. 
Power 
W  Usage time h  Energy Wh  pf  Contribution to   Surge Factor      surge demand 
                  max demand VA     (potential)  (design) 
All in one charger  48  3.75  16  2880  0.95  189.4736842        189.4736842 
Colour LED Lights  6  3  5.5  99  0.9  20        20 
White LED Lights  6  6  5.5  198  0.9  40        40 
Daily Load Energy AC        3177                
1/2 h maximum demand              249.4736842          
Surge demand                          249.4736842 
 
Miscellaneous system Design Information       
Item  Value  Units 
        
Average inverter efficiency  0.85  % 
Design Load energy  3737.647059  Wh 
Tilt angle   31  degrees 
Maximum demand at d.c bus  278.8235294  W 
Nominal system voltage  24  V 
Approximate d.c current at maximum demand  11.61764706  A 
System Configuration  Switched    
 
 
 
A.C Loads - When Calculating the A.C loads it was assumed 
that the output power of the 10 in one charger was equal to 
the input power. In the sizing of the  48 Locker system and 
the 96 Locker system this was changed to assume that the 10 
in one charger was 85% efficient. The power factor of the all 
in one charge was assumed to be 0.95. 
The Load for the White LED Lights was an estimate load as 
the exact lights had not yet been selected. 
  Miscellaneous system Design Information - The average 
inverter efficiency as estimated because as an exact inverter 
had not yet been selected. 
A 24 volts system was selected. 
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            Selection of design months                   
Units                 Months                      
   Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Average 
Irradiation on tilted plane 
(kWh/m^2)  7.51  7.31  6.54  5.46  4.3  3.89  4.06  4.7  5.8  6.54  7.06  7.39  5.88 
Load (kWh/day)  3.738  3.74  3.74  3.74  3.74  3.74  3.74  3.74  3.74  3.74  3.74  3.74  3.74 
Ratio  2.009  1.956  1.750  1.461  1.150  1.041  1.086  1.257  1.552  1.750  1.889  1.977    
   Best              Worst                      
 
  Battery Sizing and Selection       
Item  Value  Units 
Design load energy for Battery sizing  3737.65  Wh 
Design load Ah for battery sizing  155.73  Ah 
Target number of days of autonomy  2  Days 
Maximum DOD  50%    
Nominal battery discharge rate  20  h rate 
Minimum mean  daily temperature  20  C 
Temp Correction  0.98    
Required battery capacity  476.74  Ah 
Selected cell/block 
 
  
Selected cell/block capacity at nominal discharge rate  240  Ah 
Selected cell/block voltage  12  V 
Number of strings in parallel  2    
Number of cell/blocks in series  2    
Capacity of battery bank at nominal discharge rate  480  Ah 
Days of autonomy for selected battery  1.51 days or 24.2 hours 
days or 
hours 
Nominal daily DOD  32.44  % 
Battery Sizing and Selection- The depth of 
discharge that was used to calculate the 
sizing of the battery was 50%, it was later 
realised that it could be increased to 70%, 
which was done for the 48 locker system 
and the 96 locker system battery sizing. 
All other specifications are taken from the 
Haze GEL Deep Cycle Battery Specification 
sheet. 
Selection of Design months -All values for 
irradiation on a tilted plane were taken 
from the NASA Surface meteorology and 
Solar Energy website. A 31 degree tilt angle 
was used. 85 
 
 
Photovoltaic Array and Regulator sizing and Selection (Part 1)    
Item  Symbol  Value  Units 
Oversupply co-efficient     1    
Nominal battery efficiency     90%    
Selected Module     BP 4175    
Nominal module power     175  W 
Nominal module voltage     24  V 
Module short-circuit current     5.45  A 
Module current at 30 V at operation temp  I T,V  5.4    
Manufacture's tolerance on current output  fman  5%    
Dirt derating factor  fdirt  95%    
 
Photovoltaic Array and Regulator sizing and Selection (Part 2)       
Item 
Worst 
month  Best Month 
Annual 
Average  Units 
Irradiation on tilted plane 
3.89  7.31  5.58 
kWh/m^2 
Design load energy for array sizing 
3738  3738  3738 
Wh 
Design load Ah 
155.74  155.74  155.74 
Ah 
Required array output 
173.04  173.04  173.04 
Ah 
Daily charger(Ah) output per module 
18.957915  35.625285  27.19413 
Ah 
Number of parallel strings used 
9.127544653  4.857202284  6.363109086 
  
Number of parallel strings required 
7       
  
Nominal solar fraction for design month 
0.766909423  1.441158838  1.100091151 
  
Photovoltaic Array and Regulator sizing and Selection (Part 1) 
- As the nominal battery efficiency was no yet know the was 
estimated to be 90% 
All other specifications are taken from the BP4175 data sheet. 
Photovoltaic Array and Regulator sizing and 
Selection (Part 2) - The Number of strings 
required was selected from the Annual 
Average, due to the fact that the system would 
not likely be used in the winter month. 
However if it was going to be used in the 
winter months it can use the batteries as a 
back up and then when they are running low 
they could be connected to the grid to be 
charged. 
This was just a proposed system for the reason the exact inverter, regulators and battery charger were not yet selected in case the system needed to be 
altered once proposed. 86 
 
 
A.1.3 - 48 Locker System [13] 
         A.C Loads                   
Item  No. 
Power 
W  Usage time h  Energy Wh  pf  Contribution to   Surge Factor      surge demand 
                  max demand VA     (potential)  (design) 
All in one charger  48 
4.4  12  2534.4  0.95  222.32        222.32 
Colour LED Lights  6 
3  3  54  0.9  20        20 
White LED Lights  4 
10  3  120  0.9  44.44        44.44 
Daily Load Energy AC    
      2708.4             
1/2 h maximum demand    
          286.76 
 
     
Surge demand    
                     286.76 
 
Miscellaneous system Design Information       
Item  Value  Units 
        
Average inverter efficiency 
86  % 
Design Load energy 
3149.30  Wh 
Tilt angle  
31  degrees 
Nominal system voltage 
24  V 
System Configuration 
Switched    
 
A.C Loads - When Calculating the A.C loads it was assumed 
that the 10 in one charger is 85% efficient which mean it 
would need 4.4 watt to give the output of 3.75. The power 
factor of the all in one charge was assumed to be 0.95. 
  Miscellaneous system Design Information - The peak 
inverter efficiency was 92% so it was assumed that the 
average efficiency would be approximately 86%. 
The selected tilt angle for the solar panels was 31% 
A 24 volts system was selected. 
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            Selection of design months                   
Units                 Months                      
   Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Average 
Irradiation on tilted plane 
(kWh/m^2)  7.51  7.31  6.54  5.46  4.3  3.89  4.06  4.7  5.8  6.54  7.06  7.39  5.88 
Load (kWh/day) 
3.15  3.15  3.15  3.15  3.15  3.15  3.15  3.15  3.15  3.15  3.15  3.15 
3.15 
Ratio 
2.385  2.321  2.077  1.734  1.365  1.235  1.289  1.492  1.842  2.077  2.242  2.347 
  
   Best              Worst                      
 
Inverter Sizing       
Item  Value  Units 
Inverter 1/2 h maximum demand  286.7602339  VA 
Inverter surge demand  286.7602339  VA 
Safety factor  10% 
 
Suggested inverter 1/2 h maximum rating  315.4362573  VA 
Suggested inverter surge rating  315.4362573  VA 
Waveform quality required  Pure Sine wave 
  Inverter type  Standard 
  Selected Inverter  Lantronic LS -1224 
  Selected inverter 1/2 h max. Rating  1600  VA 
Selected inverter continuous rating  1200  VA 
Selected inverter surge rating  3600  VA 
 
 
 
Selection of Design months -All values for irradiation on a tilted plane 
were taken from the NASA Surface meteorology and Solar Energy 
website. A 31 degree tilt angle was used. 
Inverter Sizing - All specification related to the inverter were taken 
for the Lantronic LS-1224 data sheet 88 
 
 
 
 
 
 
Battery Sizing and Selection       
Item  Value  Units 
Design load energy for Battery sizing 
3149.30 
Wh 
Design load Ah for battery sizing 
131.22 
Ah 
Target number of days of autonomy 
1.5 
Days 
Maximum DOD 
70% 
  
Nominal battery discharge rate 
20 
h rate 
Minimum mean  daily temperature 
20 
C 
Temp Correction 
0.98 
  
Required battery capacity 
286.92 
Ah 
Selected cell/block 
Haze GEL Deep Cycle Battery 
  
Selected cell/block capacity at nominal discharge rate 
240 
Ah 
Selected cell/block voltage 
12 
V 
Number of strings in parallel 
1 
  
Number of cell/blocks in series 
2 
  
Capacity of battery bank at nominal discharge rate 
240 
Ah 
Days of autonomy for selected battery 
1.25 days or 15 hours 
days or 
hours 
Nominal daily DOD 
54.67 
% 
Battery Sizing and Selection- The depth of 
discharge that was selected was 70%. 
A 20 hour nominal battery discharge rate 
was selected. 
All other specifications are taken from the 
Haze GEL Deep Cycle Battery Specification 
sheet. 89 
 
 
Photovoltaic Array and Regulator sizing and Selection (Part 1)    
Item  Symbol  Value  Units 
Oversupply co-efficient     1    
Nominal battery efficiency     90%    
Selected Module     BP 4175    
Nominal module power     175  W 
Nominal module voltage     24  V 
Module short-circuit current     5.45  A 
Module current at 30 V at operation temp  I T,V  5.4    
Manufacture's tolerance on current output  fman  5%    
Dirt derating factor  fdirt  95%    
 
Photovoltaic Array and Regulator sizing and Selection (Part 2)       
Item 
Worst 
month  Best Month 
Annual 
Average  Units 
Irradiation on tilted plane 
3.89  7.31  5.88 
kWh/m^2 
Design load energy for array sizing 
3149.30  3149.30  3149.30 
Wh 
Design load Ah 
131.22  131.22  131.22 
Ah 
Required array output 
145.80  145.80  145.80 
Ah 
Daily charger(Ah) output per module 
18.96  35.63  28.66 
Ah 
Number of parallel strings used 
7.69  4.09  5.09 
  
Number of parallel strings required 
5       
  
Nominal solar fraction for design month 
0.65  1.22  0.98 
  
Photovoltaic Array and Regulator sizing and Selection (Part 1) 
- As the nominal battery efficiency was no yet know the was 
estimated to be 90% 
All other specifications are taken from the BP4175 data sheet. 
It was assumed that the dirt derating factor was 95% 
To calculate the Module current at its operation temperature 
the 50 degrees I-V curve was used from the specification sheet. 
  Photovoltaic Array and Regulator sizing and 
Selection (Part 2) -The number of panels was 
based on the annual average, it was 
recommended the 5.09 panels were used 
however 5 were selected. The reason for this is 
because the charger is not as likely to be used 
in winter, 5 panels should give more than 
enough power from October to March. For the 
months from April to September that have a 
lower average irradiation than the annual 
average the system will be able to get its 
power from the battery bank. If the battery 
bank is running low it can then be charged by 
the main power when the system is not in use. 90 
 
 
 Photovoltaic Array and Regulator sizing and Selection (Part 3) 
     
Item  Value  Units 
Number of series modules per string  1    
Total number of modules in array  5    
Regulator current rating required  34.0625  A 
Selected regulator  Steca PR 30 A and 15 A     
Regulator current rating required  30 A and 15 A  A 
Number of regulators/sub-arrays required  2    
 
Battery Charger Sizing and Selection       
Item  Value  Units 
10 h rate capacity of selected cell/block  220  Ah 
10 h  rate capacity for battery Bank  220  Ah 
10 h charge rate for battery bank  22  A 
Recommended max. Charging current   -  A 
Selected battery charger 
 Victron Centaur 
24V 16A    
Selected charger capacity   16  A 
Selected charger nominal efficiency   -    
Selected nominal power factor   1    
Battery charger max. Apparent power  #DIV/0!  kVA 
 
 
 Photovoltaic Array and Regulator sizing and Selection (Part 3) - 
As there are 5 module, one sub-array will have to contain 3 modules 
and the other will have 2 module. This means the sub-array with 3 
modules will have to have a 30 Amp regulator to meet the required 
current rating of 20.4 amps and the 2 module sub-array will need a 
15 Amp regulator to meet the required current rating of 13.6 amps. 
 Battery Charger Sizing and Selection - There was no 10 h rating on 
the battery specification sheet so it was estimated to be 220 Ah, the 
estimate was assumes are the 20 h rate is 240 Ah and the 5 h  rate is 
195 Ah. 
 
Unfortunately the Battery Charger sheet wasn't very detailed, but 
the recommended battery capacity for  the Victron Centaur 24V 16A 
was 45-150 Ah, as it needs to charge a battery bank of 220 AH it 
may be slightly undersized. Alternatively a Victron Centaur 24V 60A 
could be use where this has a recommended battery capacity of 160 
- 400 Ah however this charger would be slightly oversized. 91 
 
 
Battery Ventilation       
Item  Value  Units 
maximum change rate of battery (from all sources)  27  A 
Minimum exhaust ventilation rate  1.944  L/s 
Minimum vent area for natural ventilation  194.4  cm^2 
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A.1.4 - 96 Locker System [13] 
         A.C Loads                   
Item  No. 
Power 
W  Usage time h  Energy Wh  pf  Contribution to   Surge Factor      surge demand 
                  max demand VA     (potential)  (design) 
All in one charger 
96  4.4  12  5068.80  0.95  444.63        444.63 
Colour LED Lights 
6  3  3  54  0.9  20        20 
White LED Lights 
4  10  3  120  0.98  40.82        40.82 
Daily Load Energy AC 
       5242.8 
 
           
1/2 h maximum demand 
             505.45 
 
     
Surge demand 
                        505.45 
 
Miscellaneous system Design Information       
Item  Value  Units 
  
  
  
Average inverter efficiency  0.88  % 
Design Load energy  5957.73  Wh 
Tilt angle   31  degrees 
Nominal system voltage  24  V 
System Configuration 
Series    
 
 
A.C Loads - When Calculating the A.C loads it was assumed 
that the 10 in one charger is 85% efficient which mean it 
would need 4.4 watt to give the output of 3.75. The power 
factor of the all in one charge was assumed to be 0.95. 
  Miscellaneous system Design Information - The peak 
inverter efficiency was 94% it was then estimated that the 
average inverter efficiency would be around 88%  
The selected tilt angle for the solar panels was 31% 
A 24 volts system was selected. 
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            Selection of design months                   
Units                 Months                      
   Jan  Feb  Mar  Apr  May  Jun  Jul  Aug  Sep  Oct  Nov  Dec  Average 
Irradiation on tilted plane 
(kWh/m^2) 
6.47  6.61  6.29  5.56  4.53  4.19  4.33  4.84  5.7  6.07  6.17  6.28  5.59 
Load (kWh/day) 
5.96  5.96  5.96  5.96  5.96  5.96  5.96  5.96  5.96  5.96  5.96  5.96  5.96 
Ratio 
1.086  1.109  1.056  0.933  0.760  0.703  0.727  0.812  0.957  1.019  1.036  1.054    
  
   Best           Worst                      
 
Inverter Sizing       
Item  Value  Units 
Inverter 1/2 h maximum demand  505.44  VA 
Inverter surge demand  505.44  VA 
Safety factor  10% 
 
Suggested inverter 1/2 h maximum rating 
555.99 
VA 
Suggested inverter surge rating 
555.99 
VA 
Waveform quality required 
sine 
 
Inverter type 
Standard 
 
Selected Inverter 
Latronic LS-1824 
 
Selected inverter 1/2 h max. Rating 
2200 
VA 
Selected inverter continuous rating 
1800 
VA 
Selected inverter surge rating 
5400 
VA 
 
Selection of Design months -All values for irradiation on a tilted plane 
were taken from the NASA Surface meteorology and Solar Energy 
website. A 31 degree tilt angle was used. 
Inverter Sizing - All specification related to the inverter were taken 
for the Latronic LS-1824 data sheet 94 
 
 
 
 
 
 
Battery Sizing and Selection       
Item  Value  Units 
Design load energy for Battery sizing 
5957.72 
Wh 
Design load Ah for battery sizing 
248.23 
Ah 
Target number of days of autonomy 
1.5 
Days 
Maximum DOD 
70% 
  
Nominal battery discharge rate 
20 
h rate 
Minimum mean  daily temperature 
20 
C 
Temp Correction 
0.98 
  
Required battery capacity 
542.80 
Ah 
Selected cell/block 
Haze GEL Deep Cycle Battery 
  
Selected cell/block capacity at nominal discharge rate 
240 
Ah 
Selected cell/block voltage 
12 
V 
Number of strings in parallel 
2 
  
Number of cell/blocks in series 
2 
  
Capacity of battery bank at nominal discharge rate 
480 
Ah 
Days of autonomy for selected battery 
1.33 days or 16 hours 
Days or 
hours 
Nominal daily DOD 
51.72 
% 
Battery Sizing and Selection- The depth of 
discharge that was selected was 70%. 
A 20 hour nominal battery discharge rate 
was selected. 
All other specifications are taken from the 
Haze GEL Deep Cycle Battery Specification 
sheet. 95 
 
Photovoltaic Array and Regulator sizing and Selection (Part 1)    
Item  Symbol  Value  Units 
Oversupply co-efficient     1    
Nominal battery efficiency     90%    
Selected Module     BP 4175    
Nominal module power     175  W 
Nominal module voltage     24  V 
Module short-circuit current     5.45  A 
Module current at 30 V at operation temp  I T,V  5.4    
Manufacture's tolerance on current output  fman  5%    
Dirt derating factor  fdirt  95%    
 
Photovoltaic Array and Regulator sizing and Selection (Part 2)       
Item 
Worst 
month  Best Month 
Annual 
Average  Units 
Irradiation on tilted plane 
4.19  6.61  5.59 
kWh/m^2 
Design load energy for array sizing 
6010  6010  6010.09 
Wh 
Design load Ah 
250.42  250.42  250.42 
Ah 
Required array output 
278.24  278.24  278.24 
Ah 
Daily charger(Ah) output per module 
20.42  32.21  27.23 
Ah 
Number of parallel strings used 
13.63  8.64  10.22 
  
Number of parallel strings required 
10 
   
  
Nominal solar fraction for design month 
0.73  1.16  0.98 
  
 
Photovoltaic Array and Regulator sizing and Selection (Part 1) 
- As the nominal battery efficiency was no yet know the was 
estimated to be 90% 
All other specifications are taken from the BP4175 data sheet. 
It was assumed that the dirt derating factor was 95% 
To calculate the Module current at its operation temperature 
the 50 degrees I-V curve was used from the specification sheet. 
Photovoltaic Array and Regulator sizing and 
Selection (Part 2) -The number of panels was 
based on the annual average, even though 
there is slightly more than 10 panels required, 
10 panels were selected. The reason for this is 
because the charging station is not as likely to 
be used in winter, so using 10 panels should 
give enough power from September to March. 
For the months from April to August that have 
a lower average irradiation than the annual 
average the system will be able to get its 
power from the battery bank. If the Battery 
bank is running low it can then be charged by 
the main power when the system isn't in use. 
Also no more that 10 panels could be selected 
as 10 is the maximum limit that can be 96 
 
 Photovoltaic Array and Regulator sizing and Selection (Part 3) 
     
Item  Value  Units 
Number of series modules per string  1    
Total number of modules in array  10    
Regulator current rating required  68.12  A 
Selected regulator  Steca PR3030 30A Solar     
Regulator current rating required  30  A 
Number of regulators/sub-arrays required  3    
 
Battery Charger Sizing and Selection       
Item  Value  Units 
10 h rate capacity of selected cell/block 
220 
Ah 
10 h  rate capacity for battery Bank 
440 
Ah 
10 h charge rate for battery bank 
44 
A 
Recommended max. Charging current   -  A 
Selected battery charger 
 Victron Centaur 
24V 40A    
Selected charger capacity   40  A 
Selected charger nominal efficiency   -    
Selected nominal power factor   1    
Battery charger max. Apparent power  #DIV/0!  kVA 
 
 
 Photovoltaic Array and Regulator sizing and Selection (Part 3) - 
A 30 Amp regulator was selected, this resulted in the panels having 
to be split into three sub-arrays 
 Battery Charger Sizing and Selection - There was no 10 h rating on 
the battery specification sheet so it was estimated to be 220 Ah, the 
estimate was assumes are the 20 h rate is 240 Ah and the 5 h  rate is 
195 Ah. 
 
Unfortunately the Battery Charger sheet wasn't very detailed, but 
the recommended battery capacity for  the Victron Centaur 24V 40A 
was 160-400 Ah, as it needs to charge a battery bank of 440 AH it 
may be slightly undersized. Alternatively a Victron Centaur 24V 60A 
could be use where this has a recommended battery capacity of 240  
-600 Ah however this charger would be slightly oversized. 97 
 
 
Battery Ventilation       
Item  Value  Units 
maximum change rate of battery (from all sources) 
54 
A 
Minimum exhaust ventilation rate 
3.888 
L/s 
Minimum vent area for natural ventilation 
388.8 
cm^2 
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A.1.4 General requirements 
When Installing the system it should comply to the following requirements: 
Signage - The system should be fitted with appropriate signs that comply to AS/NZS 3000, this 
means that should be evident signs for emergency services, shutdown procedure and for the 
location of equipment. Also any dangerous mechanical parts of high temperature parts should 
be protected to prevent injury. [13] [20] [21] [22] 
Photovoltaic Array Installation - The mounting structure should comply with AS/NZS 1170 and 
shall be designed by a competent person. As the PV array will be mounted on the back of a 
trailer the mounting frame will also have to comply with certain road rule regulations.  
The sizing of the PV array should comply with AS 4086.2. 
[13] [20] [21] [22] 
Battery Bank -When designing and installing the battery bank it should comply with the 
requirements of AS 4086.2. This states that it is essential that all batteries are stored in a 
location that is secure to prevent access by unauthorized people. The battery should also have 
appropriate ventilation and any protection equipment for the battery should be located 
outside the battery enclosure. [13] [20] [21] [22] 
Regulator - The regulators shall be securely installed and should be fitted with a heat sink. [13] 
[20] [21] [22] 
Battery Chargers - When installing the battery chargers they should be connected to the 
battery bank  via the main battery fuse or circuit breaker for protection. [13] [20] [21] [22] 
Inverter - The inverter should be installed so that it is securely fixed with appropriate heat 
sinks if needed. The cabling between the inverter and battery bank should be kept to a 
minimum. [13] [20] [21] [22] 
Electrical Protection - All electrically protection shall comply with AS/NZS 3000, AS/NZS 3010, 
AS/NZS 5033 and AS/NZS 4509.1 and all of the connection should be protected from 
inappropriate contact or from any damage that may be caused by any physical apparatus. [13] 
[20] [21] [22] 
The battery should be protected against any over current. [13] [20] [21] [22] 
 
   99 
 
A.1.5 Protection 
Circuit protection sizing  
The main battery protection is sized related to the inverter. The required battery current can 
then be calculated using the two equations below: 
𝐼
?=
𝑖???????  ?????  ???𝑖??  (?)
𝑖???????  ???𝑖?𝑖???? ∗???𝑖???  ???????  ???????
                                                                         Equation 9 [13]  
As the system does not contain any D.C loads there is no D.C main protection required. This 
means that the only protection required it for the main battery protection.  
Calculations for each system can be seen below: 
Main Battery Protection - 48 Locker system  
Continuous Rating calculation 
𝐼
?= 1200
0.86∗24
                                                          Equation 9 
=58.14 A 
30 min power rating  
𝐼
?= 1600
0.86∗24
                                                          Equation 9 
=71.52 A 
10s Surge power rating 
𝐼
?= 3600
0.86∗24
                                                          Equation 9 
=174.42 A 
To satisfy all scenarios a fuse of approximately 80A should be selected. 
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Main Battery Protection - 96 Locker system  
Continuous Rating calculation 
𝐼
?= 1800
0.88∗24
                                                         Equation 9 
=85.23 A 
30 min power rating  
𝐼
?= 2200
0.88∗24
                                                         Equation 9 
=104.17 A 
10s Surge power rating 
𝐼
?= 5400
0.88∗24
                                                         Equation 9 
=255.68 A 
To satisfy all scenarios a fuse of approximately 100A should be selected. 
 
 
Lightning Protection 
To determine the lightning protection requirements the risk index (R) can be used. This states 
that: 
𝑅 = ? + ? + ? + ? + ?                                                                                                  Equation 10 [13]  
Where: 
A= the type of structure index 
B= Construction index 
C= Height index 
D= Situation index 
E= Lighting prevalence index 
[13]  101 
 
To obtained these different index ratings the tables  E1 to E5 from AS509.2 were used which 
gave the following values: 
A= 3 
B= 0 
C= 0 
D= 0 
E= 4 (assumes it is going to be used all year round) 
This results in R=7 , which table E6 classes the assessment of risk to be negligible meaning that 
no lighting protection is needed. 
[13]  
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A.2 Trailer Design 
The dimensions of the solar panels mounted on the trailer can be seen below: 
48 Locker system 
The BP 175 W solar panels are 1593 x 790 mm and there will need to be 5 Panels mounted. 
This would take up a total of 1593 x 3950mm if they are mounted side by side. As they are 
mounted at a 31 degree angle the horizontal dimension taken up on the trailer can be seen 
below in Figure A.1 
 
Figure A.6 
 
 
 
96 Locker system 
The BP 175 W solar panels are 1593 x 790 mm and there will need to be 10 Panels mounted. 
This would take up a total of 3186 x 3950mm if they are mounted side by side. As they are 
mounted at a 46 degree angle the horizontal dimension taken up on the trailer can be seen 
below in figure A.2 
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Figure A.7 
 
 
 
 
 
 
 